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Preface 


Of texts on perspective there is no end. As early 
as 1710 a text appeared in England with the title 
'^Perspective Made Easie/’ and ever since writers 
have been trying in one way or another to make a 
simple matter of it. 

In this text the authors have presented not only 
{perspective but tlie entire range of pictorial drawing. 
Although it is their ho{3(‘ that the expgai,tionVof^all 
principles has been made as clear and concise as 
possible and thereby '^made (^asy” this lias not been 
their major objective. 

The aim has be^en t^vofold. The first has been 
to make a thorough and comprehensive treatment of 
pictorial drawing from the standpoint of theory. 
In this respect attention is called to the exact method 
of making axonometric projections as {iresented in 
Chap. V. To the best of the authors^ knowledge 
this represents the first new synthesis in thi^ theor\' 
of orthographic projection which has been made in 
many years, and the {presentation here made is the first 
to ap{Pear in any foi’inal text so far as they an a', arc. 

The second aim has Ijecm that of practical usefulness. 
Although pictorial drawing has been employed 
extensively in engineering for many years, its use 
has received a new impetus in the war industries. 
Pictorial drawing has l)ecn a valuable if not indis¬ 
pensable adjunct and tool in the aircraft and ship¬ 
building industry as a means of planning and s{peeding 
up production. In the Ordnance Divusion of the 
Army, it is being used in the preparation of booklets 
of directions for the ser\dcing and maintenance of 
equipment. 

In the aircraft field, drawings are made largely 
with instruments and are produced from shop draw¬ 
ings or design sketches. It is essential, therefore, that 
the draftsman have a command of the theory under¬ 
lying his drawing. In the ordnance work and in 
shipbuilding, on the other hand, the drawings are 
largely freehand sketches made either from the part 
itself or from shop drawings. Although many men 
can sketch from models without a background of 
theory, for the beginner such a foundation is service¬ 
able in speeding up the construction of correct and 
legible sketches. 

The text has been pi'epared especially to meet the 
immediate need in these three fields. Perspective, 
therefore, has been dealt with from the viewpoint of 
the machine and aircraft industries rather than from 
the conventional architectural approach. The theory, 
however, is sound and applicable in any industry. 

,/Ah adequate amount of carefully graded problem 
material has been included to permit the instructor 


to make a well-rounded course without monotonous 
repetition. 

Either freehand or instrumental work may be 
emphasized. In many cases a judicious combination 
of both gives the best results in the least time. 

Shades and shadows in perspective have been 
included for a twofold pur{3oso: first, because they 
are of general value and usefulness and, second and 
most important from our point of view, because 
finding shadows in {iers{)ective gives the student 
the opportunity to think and w^ork directly in the 
perspective. 

The second edition of this text has followed the 
same general plan wliich {proved to be very satis¬ 
factory and successful in the first edition. At the 
suggestion of users of the text a few^ changes and a 
number of additions have been made to the text 
material and illustrations. 

Chapter I has been enlarged to give an even wuder 
list of usages of pictorial drawing in industry and 
engineering. The section on production illustration 
in the aircraft industry being ex{)anded to represent 
as nearly as possible the general practice in this 
field rather than the practice of any one company. 

Axonometric by tlio exact method has been placed 
in a separate cha{3ter and all illustrations made in 
third quadrant arrangement since students have 
diffieulty with the first quadrant arrangement previ¬ 
ously used. 

Chapter X on Pers{)ective has been enlarged to 
include more material on the measuring point system, 
and a discussion of three point or oblique perspective. 
A new^ measuring {)oint system, devised by Professor 
J. C. Moorehead has been introduced. The work 
in Shades and Shadows in perspective has been 
placed in a separate chapter and considerably enlarged. 

At the request of a number of users the chapter on 
Shading has been materially enlarged and improved. 

A new chapter on special equipment used in making 
pictorial drawings has been added. 

The w riters are indebted to a large number of 
users of the text for helpful criticisms and suggestions 
and to the industrial concerns listed below for supply¬ 
ing illustrative material. To all of them we wish 
to express our sincere appreciation. Their aid has 
made the present edition more attractive from the 
practical point of view. Finally the authors extend 
their thanks to their colleagues James T. Lendnim and 
Stanley G. Hall, without xvhose generous assistance 
it w ould have been impossible to include an adequate 
and appropriate supply of problems. 
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CHAPTER I 

USES OF PICTORUL DRAWING 


1. This text has been entitled ^'Industrial Pro¬ 
duction Illustrationbecause it deals exhaustively 
with the methods of making pictorial drawings that 
are now being used extensively to expedite production 
in a vide variety of industries. Although the term 
"production illustration’^ originated in the aircraft 
industry, it may be noted that there are many other 
fields in which production is made more efficient by 
the use of pictorial drawings. 

Before the orthograpliic forms of drawing w^ere 
invented, construction was carried on by means of 
picture drawings, and in modern times industry has 
been aided and stimulated by the use of pictorial 
drawings for many purposes. In the following para¬ 
graphs the current use of drawings in pictorial torm is 
reviewed briefly. 

2. Catalogue Illustrations.—One of the oldest of 
modern usages is the pictorial representation of 
machines, both in detail and in assembly form, for 
purposes of catalogue illustration. Such "cuts’" are 
usually rendered in some manner to make them even 
more realistic, as shown in Fig. 1. The so-called 
"phantom drawing” is a common type in which the 
outer portion is rendered in lighter tones, thus permit¬ 
ting the interior construction to be shown in heavier 
and darker tones as in Figs. 2 and 3. The airbrush is 
a device used in rendering such drawings. 

3. Instruction Sheets.—A second usage consists of 
illustrations showing how to operate machines. 
Although verbal instructions may suffice, in many 
instances it is desirable for the operator of a machine 
to know what goes on inside when he pulls this or 
that lever. The cutaway assembly therefore serves 
this purpose. 

4. Service Manuals and Repair Charts. —The type 
of pictorial drawing shown in Fig. 3 is being widely 
used in current industrial practice, as it has been for 
many years. In a number of industries, the pictorial 
representation of a disassembled machine with its 
parts in their proper position in relation to each other 
is used. This enables the mechanic, who cannot read 


are supplied to the trade in certain industries (see 
Fig. 4). During The Second World War such books 
were furnished with American equipment sent abroad. 
Notes were made in the language of the country to 
which it was sent so that the equipment could be 
serviced without the aid of American w^orkmen. Such 
books or manuals save thousands of dollars in instruct¬ 



ing mechanics in the servicing of machines. Ortho¬ 
graphic views, with or without rendering, are also 
very useful, particularly where exact clearances are 
to be shown. Figure 6 is a rendered orthographic 
drawing. 


orthographic shop drawings, to take the machine 
ap^trt and put it together again. Such drawiiigs are 
s0m^times called ^^exploded views.” Complete book¬ 
lets dmeribing and ihustrating every step ih the 
takiiiil apart of a machine, its i*epair and re^seipbling, 


5. Advertising.—The use of pictorial draw ings for 
newspaper and magazine illustration serves the same 
purpose as the catalogue cut and therefore needs no 
further comment. Retouched photographs are fre¬ 
quently used for this purpose as w^ell as line drawings 




VUES OF PICTORIAL DRAWING 


f RIGHT POWER BRACKET-DEBUTTER DRIVE (Lew«) ASSEMBLIES 



130 


The Shaft and 9 ovol Gear then may he pushed down and out, 
provided the Main Drive Shaft Assemhly hac been moved to the left 
(Page 12). 


To remove the Right Power Bracket (#130), same must be 
rotated about -J” in direction of the arrow at G, this being done 
by tapping carefully on the unit in that direction. 


15 


Fid. 4.—Servic'o manual drawing:. 
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that have been traced from photographs and then 
rendered in some form. A study of almost any 
engineering magazine will reveal drawings of every 
kind used for this purpose, from simple orthographies 
to three-point perspectives. 

6. Piping Diagrams.—In piping installations it 
frequently happens that a ^ries of pipes will lie in the 
same horizontal or vertical plane. Orthographic 
projections are very difficult and almost impractical 
in cases of this kind. In such instances, the layout is 
made in isometric, as shown in Fig. 6. The drawing 
may ho merely schematic, or it may be fully dimen¬ 



sioned. Oblique projections are also used for this 
purpose. When so used, the risers or vertical pipes, 
are drawn as vertical lines, and the horizontal runs 
are placed in oblique horizontal planes. Either sirigle- 
or double-line symbols for pipes and valves may be 
used. 

7. Wiring Diagrams.—A situation similar to that 
in piping occurs in the electrical wiring of machines, 
buildings, power plants, and the like. Here again 
the pictorial drawing has long been used to practical 
advantage. Figure 7 shows a pictorial drawing used 
in the design of bus runs in a power plant. Models 
have been used to plan the design and location of bus 
runs from generator to transformer, but the pictorial 
drawing serves the purpose just as well and at a great 
saving in time and expense. Figure 8 shows the 
wiring layout of a switchboard. 

8. Installation Diagrams. —For commercial prod¬ 
ucts that are sold to and generally installed by the 
purchaser, the method of installation is shown in 
pictorial form So th|^| they can be understood by the 
average person. Thiel applies to such things as screen 
door locks and other household appliances as well as 
more compUoated equipment installed by mechanics. 

In the airCrikft industry, the pictorial ii^allation 
drawing or diagram is but a P^rt of a complete 


system of production illustration, as discussed in 
paragraph 15 of this chapter. In heavy industries 
such as structural steel work, both orthographic and 
pictorial forms are used. These are commonly called 
^‘erection diagrams.” 

9. Control Systems.—The layout of control systems 
in airplanes, whether manual, hydraulic, or electrical, 
are usually studied and shown in pictorial form. A 
manual control system is shown in Fig. 9. These 
diagrams may be schematic only, that is, not to scale, 
or they may be carefully worked out to scale to study 
clearance and interference problems. 



Fi«. 7.—Schematic diagram of a 1 )Uh run in the Grand C^mlee 
power plant. {DT-E Circuit Breaker Company.) 


10. Architecture. —In architecture the perspective 
drawing is used for the purpose of studying and pro¬ 
portioning of buildings. It also is used to convey to 
the client, or to the public, the appearance of some 
project. Such drawings are usually rendered in ink 
or colors. An example is shown in Pig. 10. On large 
projects, such as the airport design shown in Fig. 11, 
the so-called “bird’s-eye view’’ is used. 

11. Engineering Projects. —Perspective also is used 
to show the general layout and appearance of large 
civil-engineering projects. The Grand Coulee proj¬ 
ect, shown in Fig. 12, covers parts of several states 
and represents to the layman the location of the proj¬ 
ect and the communities that it serves. Such 
drawings serve a wide variety of purposes, from secur¬ 
ing legislative approval to detail^ study by the 
engineer. Perspectives on a larger scale covering leas 
territory are useful to the contractor in jdanning his 
construction ptot layout. 
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Figure 13 shows a p(»rspective of a bridge design. 
Such studies are desirable to show the harmony of line 
and form with the surrounding terrain as well as to 
obtain public approval of the project. 

12. Illustrations for Textbooks and Reports.—Text¬ 
books of all kinds make use of pic^torial drawing to 
illustrate the text discussion. Siich drawings are 


the best method of representation. Figure 14 shows 
a sample patent drawing. 

14. Plant Layout.—In a number of industries, 
plant layout for the routing of material, location of 
equipment, etc., is studied by means of pictorial 
drawings. Figure 15 illustrates one of a series, used 
in a chemical industry, in w hich the equipment layout, 



Fiu. lO.~Per»pective of airport ailinini.strution building {('ourtany of University of Illinois. fJ. L. Stauffer, Architect.) 



Fig. 11.—Bird’s-eye view of airport. {Courtesy of University of Illinois. E, L. Stouffer, Architect.) 


frequently freehand perspectives. They convey ideas 
quickly and with a clarity that could not be accom¬ 
plished with words alone. 

IS. Patent Drawings. —A pictorial drawing must 
accompany each patent application, showing the 
relation of the various parts of the machine to each 
other and the new' features involved in the patent. 
Each part be clearly marked so that there can be 
no misundet^anding. Any fqrm of pictbrfal may be 
used. It is therefore the draftsman's to choose 


position of operators, location of valves and controls, 
and the different operating levels for the entire plant 
are shown in one book of such drawings. By means of 
these drawings, plant additions are studied before 
construction begins, and engineers can correct the 
location of valves, ascertain visibility and utility of 
control panels, and determine the proper placement of 
storage areas and the most - efficient flow of raw 
material. Safety hazards can be studied* As stated 
by H. W. Bihiikerhoff in an article in Chemkod 
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Industries for March, 19.45: tracing each manual 

operation of a process on the drawing, it is often possi¬ 
ble to eliminate uncomfortable, obnoxious, or exces¬ 
sively tiring actions by the operators, thus making the 
jobs as pleasant as possible/^ 

16. Aircraft* Production Illustration.*—The air¬ 
craft-frame manufacturing companies have made the 


until the last plane rolls off the assembly hne. The 
following types of illustrations represent rather closely 
the general pattern used throughout the industry : 

A, Engineering Functions.“The illustrations used 
for design or engineering functions are as follows: 
1. Bid or Proposal Drawing .—This is usually 



Fia. 12.—PcM'Bpoctive of (Columbia Basin projort. (Courtesy of liureau of Hedanuition.) 


widest use of pictorial drawings in modern industry. 
Each company has its own methods and classification 
of such drawing, also, their own sheet sizes, numbering 
system, and type of pictorial used. These run the en¬ 
tire gamut, from isometric to three-point perspectives. 

In general, however, the production illustrations 
fall into two general classes, namely, those used for 
engineering, planning, and design and those used for 
the manufacturing processes. The latter form, in 
which the method and sequence of operations is 
explained to the workmen, are most usually thought 
of when the term ^'production illustration” is used. 
They are, however, not the only kind, nor are they 
necessarily the most important. Production illustra¬ 
tion begins with the receipt of specifications for a 
plane and the request for a bid and follows through 

* The following paragraphs have been abstracted from an 
ftriiole by Af©. Pyeatt, which appears in the August-September 
0 jtfUimirial AtnaHtmj Action of Flying, by permission 
of the ebpyri|ht owners. 


an inboard profile of the entire plane, as 
shown in Fig. 16. It represents the pre¬ 
liminary design of the airplane and shows 
the salient features of primary interest 
to the purchaser such as exterior form, 
typical structural framing, special mechan¬ 
ical features or furnishing as well as 
functional installations such as armament, 
hydraulic systems, and flight control. 

2. Production Breakdown Illustrations .—This 
drawing again is a pictorial representation 
of the entire airplane broken down into 
its principal manufacturing units. This 
illustration is used in planning the pro¬ 
duction of the plane and is prepared in 
consultation with representatives of the 
departments involved, such as engineering, 
scheduling, tooling, production planning, 
development group, and plant layout 
group. The production breakdown is 
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first made in what may be called prelimi¬ 
nary form to serve as a basis for discussion 
and study. This is altered during the 
course of study in which such it.ems as the 
type of airplane, quantity to be made, 
contract delivery dates^^ available factory 
space and plant layout are the principal 
factors in determining the form in which 
the breakdown is finally ^Mrozen’' for 
production. An example of the production 
breakdown illustration is shown in Fig. 17. 



Fig. 13.—Perspective of suspension bridge. Perspective by 
J. Floyd Yewell. {Courtesy of Civil Engineering Deparime^tt, Uni¬ 
versity of Jllinms.) 

Once the general basic design has been established, 
production design begins and orthographic drawings 
are made, specifying in detail the materials, finish, 
quantities, heat-treatments, etc. This process is 
aided by additional production illustrations such as 
those described in the following paragraphs. Here 
the practice in different plants may vary. 

3. Lojt Lines Layout Breakdown ,—This illus¬ 
tration again shows the entire plane broken 
down into areas covered on individual loft 
lines layouts. It is in block form and 
includes station numbers of the break 
points, but shows no structural details. 
The loft group in collaboration with the 
tod-planning group provide the infonna- 


tion for the illustration. Loft lines layouts 
are estimated and scheduled from this 
illustration. 

4. Equipment Location Illustrations. .Such 

illustrations show only a part of the plane 
identified by station numbers, water lines, 
frames, ribs, etc. These are altere*d as the 
design progresses and indicate the problems 
of design and show up the fac^tors affecting 
the work in progress. They are in a sense 
portable mock-ups. 



5. Structures .—Illustrations are made of each 
.stru(;tural subassembly as designated b}^ 
the production breakdown. These illus¬ 
trations are designed to explain the impor¬ 
tant features of the structure, such as the 
general type of structure, mechanical 
complexities, and important fittings (see 
Fig. 18). 

6. Systems Illustrations .—All the functional 
installations or systems for the complete 
airplane are shown on systems illustrations. 
Each illustration is of a single system, 
that is, fuel, hydraulic, flight controls, etc,, 
but it may include references to other 
s 3 rstemE. Engineering design groups use 
the systems illustrations as a visual check 
factbr in installation designing. Figure 
19 shows an oil pipe-liue system. CJieck- 
ihg groups use them to corroboral^b the 
linb and unit location with reference to 
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Fro. 17.—Production-hreakdown illuHiration. (Curtutt-Wright Corporatimi.) 



18*—Stniotw^ fUuatrfttion, (Douglas (iimpmu, Inc.) 
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Symbols 

_ Mas& coopting "-ex— OH tine .. 

" Rigid union . . OH dilution tine - 

/ Fine ¥^mltptnetrmhon /// 7 ^ 

/ £tectricat wiring Flexible hose 

^ OH discharge line *»—• 


0 V’M 




Carbure 


To engine-'''^ I 

V h 






Fnginf^ 
P-t820’‘ 'j.p, 


\ OH separator j . 

\ (f/c^.s&sn 


'q To prop, ftaath. 
mechanism J 


Nacelle No. I 


Fire, 
v^all ‘ 

'Wigine--- 
To engine^' 




y 

/ ^ 

/ Jo oH temp. 
/ indicator ,< 

C 


\ ^'0 \ 

c \ 


J Nocclle No. 


! ToSnof^' 


Nacelle No 2 


I Immersions ILj 
heater I ^ 

plug\ IT 


(to fuel j 
pressure 




9^9^ j 


\c' f^nip drain ^ 


Flow Raitern 


yi.n 
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Flu. 19.—bysteius illustration (Courtesy of Aviation Magazine,) 



il’to. 20.—Job illustration. InstaUation landing; gear. (Dox^as Aircraft Company, Inc.) 
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the functional inKstallatioUvS and structural 
items. 

7, Engineering Installations .—These drawings 
contain the same information and are used 
in place of orthographic installations. 
They show complete dimensional and 
material details and make for a saving of 
time in both the productive and non- 
I)roductive departments. 


turing illustrations are therefore used mainly for 
assembly operations and not for fabrication. 

Those responsible for production planning 
must assure good job breakdown, assembly 
sequence, and installation feasibility on the new 
airplane for the shop. Using the engineering 
breakdowns, the job breakdowns are listed and 
illustrations prepared in advance. The use of 
these illustrations frequently results in changes 



Fig. 21.—Subassenjbly illustration. {Douglm Aircraft Company, Inc.) 


8. Miscellaneous Illustrations .—In addition to 
the above, illustrations are made to clarify 
any particular problem that arises in the 
engineering or production departments. 
The person or group requesting the illus¬ 
tration supplies the necessary information. 
They are not made for general issue. 

B. Manufacturing Functions.—Beyond the design 
stage discussed above, pictorial drawings are 
used extensively in the actual manufacture of 
the airplane. An analysis of the manufacturing 
departments shows that about 80 per o^nt of the 
shop time is involved in assembly work And only 
20 per o0nt for fabrication of parts. Manufac- 


from the original plans, thus saving much time 
and expense before the actual setup is made in 
the shop. Thus, a rather complete set of 
advance manufacturing illustrations is available 
before the assembly line is actually set up. 
Some of the more common manufacturing 
illustrations are described in the following 
paragraphs. 

1. Job Illustrations .—These illustrations show 
in detail the parts involved and the opera¬ 
tions necessary to assemble each com¬ 
ponent part of a group of functional 
unrelated jobs in an airplane section on the 
assembly line. Or a group of functional 
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related jobs in a section may be shown. 
An example of a job illustration is shown 
in Fij^. 20. 

2. Subassemblies, —These drawings arc made 
concurrently with the job illustration 
and relate to the smaller units for bench 
assembly. They are usually complete 
in one illustration, as shown in Fig. 21. 


manufacturer and the subcontractor to 
arrive at a clear understanding of what is 
required. Figure 22 shows an illustration 
of this type. 

4. Miscellaneous Manufacturing Illustrations, 
Throughout the life of the contract, 
specialized information may bo required, 
not only for the shop, but also for use in serv- 



3. Outside Vendor^s Illustrations, —This type 
of illustration is made at any time during 
the contract but usually near the beginning 
and after the completion of the structure 
and systems illustrations. In most large 
production plants some jobs are sub¬ 
contracted to outside vendors since this 
makes a much larger plant capacity and 
personnel available and, in general, speeds 
the entire process. 

These illustrations accompany the ortho¬ 
graphic drawings and enable both the 


ice bulletins and manuals, for time-study 
problems and the like. 

More detailed information concerning the use of 
production illustrations as used in various plants can 
be found in the following articles: 

**Perspective Illustrations Expedite Development and Produc¬ 
tion,^^ Aviatiorij April, 1945, p. 185, and following issues. 
“Production Drawings Prove Helpful in Assembling Precision 
Parts/^ by W. L. I^ewis, Amt^ican Machinist, May 24, 1945, 
pp. 112-115. 

“Production Illustrations,** by A. D. l^eatt. Flying, August 
and September, 1943. 







CHAPTER II 


LETTERING 


1. All engineering drawings require the use of 
lettering for the purpose of dimensioning and for 
making explanatory notes and titles. The lettering 
may make or mar the drawing; hence it is highly 
important that engineering draftsmen acquire skill 
in their work. The style of letters most commonly 
used is that shown in Fig. 1, which is called the Rein- 
haidt, or engineer’s, st^de of lettering. 

2. Upper- and Lower-case Lettering.—In all mod¬ 
ern lettering two kinds of letters are used, namely, the 
large or capital letters and the small or lower-case 
letters. The capitals are sometimes called upper-case 
letters from the fact that in earlier times printers kept 


4. Elements.—The lett-ers of the engineer’s alpha- 
lx>t are (composed of two simple elements, namely, 
the oval and straight stem. It should be noted by the 
novice that these letters have been reduced to their 
simplest possible form. They are not like the letters 
of the printed page. None of them has ,hooks or 
crooks at the top or bottom of the stems. 

6. Stems.^—The straight stems form a part of a 
large majority of both the large and small letters. 
The slope of the letters is given in general by the slope 
of the stems. This slope has been standardized at a 
ratio of 2 to 5, or about 673^^ deg. For vertical letters 
the stems are vertical. 


/I BCDEFGHUKL MNOPQR 5 

TUVWXYZ 


a bcdefgh ijkim nop qrstu i/ wxyz 

Fi<i. 1.—iCugineer’s-slant, «ingle-Htroko alphab<<t. 


the capitals in the upper part of the letter case and the 
small letters in the lower paid. 

3. Height of Letters.—In any lettering, initial 
capitals are commonly used in combination with small 
letters. A definite ratio between the height of letters 
has been established. The small letters are made just 
two-thirds the height of the large letters. In the case 
of small letters such as b and d, which have long stems, 
these stems are made the same height as the capitals. 
For the small letters that go below the line, such as g, 
p, and q, the ‘descenders,” as the long stems are 
called, go os far below the line as the “ascenders” in 
the letters b and d go above. 

When the phrase “height of letters” is used, it refers 
to the height of the capital letters. Numerals used 
in combination with letters are made the same height 
as the capitals. 

To maintain the correct relationship between the 
height of upper- and lower-case letters and numerals, 
guid(‘lines should always be drawn. ft pencil 

drawing is trao^ on paper or cloth, the guidelines 
should l>e ruled again. 


In the capital letters all stems are of the same 
height, but with small letters two sizes are used. The 
shorter ones are just two-thirds the height of the 
longer ones. This is the correct ratio between capital 
and lower-case letters when used together. 

Good stems should be (1) uniform in tliickness 
throughout their length, (2) perfectly straight without 
curves at top or bottom, and (3) all of uniform slope. 

In a few letters such as H, F, E, K, there are a few 
strokes that are either horizontal or inclined at an 
angle other than the standard slope. These strokes 
should also be perfectly straight. 



Fxo. 2.—Normi4 oval. 


6. Ovals.—ellipse foms the second element of 
the standard m^^eering letters. Fm* normal lett^ 
the ellipse should be about five-sixths ito wide as it is 
high, as shown ^ Fig. 2. This ellipse is timgent tp the 
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Hides of the enclosing parallelogram near their mid¬ 
points. 

7. Combination of Stem and Oval. —By a proper 
combination of well-made stems and ovals, most of 
the letters of the alphabet may be made. The stem 
and oval should come tangent to each other, as 
shown in Fig. 3. The stem and oval should have 

QOo 

Imo. 3..-Coiribinatioii of Htoin and oval. 

the same thickness, which should be varied to suit the 
size of the letter. In ink work the thickness is 
governed by selecting a of the proper size. 


In Fig. 5 note that the second stroke of the A and 
the first stroke of the V are almost perpendicular to 
the horizontal guide lines. The outside strokes of the 
letter M are parallel, and both the M and W are widei* 
than the other letters. Alternate strokes of the W 
are parallel. The last stroke of the K if produced 
would pass through the top of the first stroke. The 
stem of the Y bisects the angle between the upper 
branches. 

In Fig. 6 note that the tops of the X and Z an^ 
narrower than the bottoms. This makes the crossing 
point of the X a little above the center. 

In Fig. 7 the letters are all based on the oval. 
Almost one-half of the right side of the oval is omitted 
to form the C, and the upper part falls a little inside 
the lower part. This is also true of the G, which is 
quite similar to the C but has an added horizontal 



Fig. 4.—Straight-line capital letters. 



Fig, 5.—Straight-line capital letters. 


8. Capitals. —The shape of the capital letters can 
best be learned by a careful study of Figs. 4 to 8 and 
the suggestions accompanying each illustration. The 
height and width of the letter as well as the placing of 
each stroke of a letter are indicated by their positions 
on the coordinate grid. The best direction and the 
most natural order for making the strokes are shown 
by the small numbered arrow^s. In general, it may be 
said that strokes should be downward and from left 
to right. 

In Fig. 4, note that the crossbar of the H, the middle 
bar of the E, and the low^er bar of the F are slightly 
above the center. The upper bar of the E is narrower 
than the bottom bar. 


bar. The letter S lies entirely within the oval. The 
upper part should be smaller than the lower part to 
give the letter stability. 



Fig. 6 . —Struight-lino capital letters. 


The horizontal bar at the middle of the B, R, and P 
in Fig. 8 should be slightly above the center, and the 
tops of The B and R should be narrower than the 
bottom. The J is narrower than the U. Note that, 



Fig. 7.—Capital letters with basic oval. 



Fio. 8.—Capital letters combining oval and ntraight line. 
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in the letters B, R, P, and D, the oval portions are 
joined to the upright stem by a straight horizontal 
line. 

9. Numerals. —The numerals and the ampersand 
are shown in Fig. 9. Note the similarity between 
the bottom of the 3, 8, and 5, also the^tops of the 2 and 


center line should be on the standard slope, as shown 
in Fig. 10. 

11. Slope of Letters. —The standard slope for so- 
called slant letters’" should be on the ratio of 2 to 5, 
as shown in Fig. 11. This angle is commonly called 
673^2 deg., although it is really more than that. 




Fio. 9.—Numerals. 


3. In all cases the tops of the letters are smaller than 
the bottoms. The height of the numerals in any 
composition is the same as the capitals. 

10. Fractions. —Whole numbers and fractions in 
their proper relative size are shown in Fig. 10. The 



numbers in the fraction should be two-thirds the size 
of the whole number. Some companies recommend to 
their draftsmen that the total height of the fraction be 
twice that of the integer. This is on the side of safety, 
since the universal tendency of beginning draftsmen 


The slope of letters having stems is determined by the 
slope of the stem. The slope of such letters as the 
capitals A, V, X, W, etc., is determined by the miHlian, 
or bisector, of the angle ))e1 ween the outside strokes. 
The sides of t.he parallelogram enclosing the oval have 
the standard slope, but the major axis of the ellipse 
makes a much smaller angle with the horizontal. xSlope 
guidelines are sometimes useful for the beginner, but 
the draftsman should quickly acquire skill in drawing 
parallel hnes, not only at the slope of standard letters 
but at any angles 

12. Guidelines. —Only the novice attempts to 
letter without guidelines. The experienced drafts¬ 
man, W’hen making notes on his drawing, rules three 
horizontal guidelines to give the proper size and align¬ 
ment of his letters. The space between the two 
lower guidelines should always be two-thirds the total 
height. The stems on the g, j, y, etc., often called 
^'descenders,” should go as far below the lower guide- 



Fio. 11.—Lettering elope guide. 


is to make fractions entirely too small. The bar 
separating numerator and denominator should always 
be a horizontal line, never inclined, and the numbers 
should not touch the bar. The numei^ktor and 
denominator should have the same center line. This 


line as the stems on b, d, h, etc., called “ascenders” 
go above the middle guideline. 

The Braddock lettering triangle and the Ames 
lettering instrument save much valuable time in 
ruling guideline* These instruments contain holes 
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arranged in groups ol’ so that a pencil can be 

inserted in them and tlie instrument moved back and 
forth along the T square to make three guidelines at 
standard spacing. The holes arc arranged so that 
guidelines varying in height from lx iri- 

be ruled. Several sets of guidelines properly spaced 
relative to each otlu'r can ho ruled at one setting of the 
T sciuare. 


n. The lower ends of all strokes in these U.‘tters are 
perfectly straight. 

14. Size of Letters. —The^ sizes of let ters do not vary 
appnjciably with the size of the drawing except for 
the lettering in titles. For mpst engineering drawings, 
not/Cs and dimensions are made either 1 ^ or ^^32 in. 
high. For emphasis 01 * tor subtitles, lettering in. 
high may be used. 



Fig. 12. Strai^ht-liiio lower-ease letter s. 



Fkj. Ft.- Lower-eas<* letter's eonil)inin*t oval and .s1,rai«ht lira*. 



On drawings that are to l)e reduced photographi¬ 
cally, it may l)e necessary to increase these sizes 
somewhat, depending upon the amount of reduction 
to be made. Well-made open letters will be quite 
legible when reduced to in. in height. 

16. Composition. —Thus far we have discussed only 
the individual letters, but they serve no useful purpose 
until combined into words and sentences. Good 
composition requires that the letters in any word or 
sentence be evenly spaced, that is to say, the white 
areas between letters should be made to appear equal 
to the eye. 

The space between words should be a little more 
than the space between letters in a word. Words 
should be separated by a distance equal to the width 
of the letter m or w. 

The chief fault with beginners is usually the 
tendenej^ to make the spacing too open, thus permit¬ 
ting each letter to stand out by itself. Open letters 
compactly spaced give the best appearance, as shown 
in Fig. 16. 

Some letters such as A, L, T, V, W, and Y require 
special care when combined with each other or with 
other letters, as illustrated in Fig. 17. Some com- 


13. Small Letters. —The small, or lower-case, letters 
are also composed of straight lines, ovals, and com¬ 
binations thereof, as shown in Figs. 12 to 15. With 
the exception of 1, t, and k, the letters in Fig. 12 are 
smaller counterparts of the capital; hence no further 
comment is necessary. Note tliat the t does not have 
a crook at the bottom. 



Fig. 15. —Lower-caBe letters combining oval and straight lino. 

The c and e in Fig. 13 are based on the o, as are also 
the remaining letters, which are combined with stems. 
Note that the bottoms of the j, g, and y in Fig. 14 are 
parts of ovals, as are also the tops of the f and r. The 
small s and u are similar in shape to the capitals. 

The upper parts of the h, m, and n in Fig. 15 are 
parts of ovals. The ovals in the m are slightly 
compressed so that the letter is not twice as wide as the 
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binations such as L followed by A cannot be brought tal letters are used exclusively. Two schemes are 
into the usual spacing conditions, but the situation used. In one system all the letters are made the same 
can be improved by making the L a little narrower size; in the other the initial capitals are large, and the 
than usual. remaining letters are made twe^thirds the height of 

16, Compressed and Expanded Letters. —It is the initial capitals. This makes a pleasing appearance 
sometimes necessary for a word or piirasc to occupy and is particularly suitable for titles and subtitles, 
a given space, cither large or small. This can be done This practice has given rise to the terms large and 
by expanding or compressing the individual letters, as ^^small capitals. 

Make the letters broad but closely 
spaced. Open spacing is 
hard to r e a d. 

Even spacing is essential. Uneven 
s p acin gsp oil sth eenfirecomp os it ion. 

Use slope guide lines. Variable 
slope r'Ji/75' the appeorance of the 
teite rlnqi. 

Compact uniform lettering is an 
asset to apy drawing. 

Fio. 16.—Examples of isood and bad composition. 

A L TERA TIONS—FLYtNG—WA VED 
ATTENTION—FOLLOW—INFATUATE 

Fia. 17.—Correct composition of difficult combinations. 

BCD EFGHU K L M 
NOPORSTUSfWX 

a bcclefghijhlmnopcfrstuwwurrs^' 
ABCDEFSHUKLMNOPQRSTUVWXYZ 
abcds^hiJklmnopqrstuvwxYZ 

Fio. 18.—-Compressed and expanded alphabets. 

18. Vertical Letters.—^Vertical letters are made in 
the sam^ manner as the slant letters, with the excep¬ 
tion that the stems are vertical instead of slanted and 
the ovals have the major axis vertical. A vertical 
alphabet is shown in Fig. 19. 

19. Re^uirmi^ts of Lettering,— The rules of 
lettering may be summarised under the one woird 
“uniformity.” Six items are invedved, as followrs: 


shown in Fig. 18. The normal width of letters is 
about five-sixths the height. Anything much nar¬ 
rower than this is called a “compressed letter,” 
whereas wider letters are referred to as “expanded.” 
It should be noted that the letters themselves are 
expanded or compressed rather than tire space 
between them. 

17. Snudl Gnpitals.—In some drafting rbomus, capi- 
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Shape ,—Letters of any one kind should have exactly 
the same shape throughout any one composition. 

Size .—All letters should have the same relative size. 
In particular they should come exactly to the upper 
and lower guide lines. 

Slope .—All letters and numerals on any drawing 
should have the same slope. 

Spacing .—The spacing between letters should be 
compact and uniform. Likewise the spacing between 
words should present an even appearance. 


found best. Very light lines, easily erased, can b(^ 
made for the preliminary layout of lettering, and then, 
by exei*ting more pressure, a dense black line can b(^ 
produced which will make a good blueprint. I^ressurc' 
should not be used, however., until the draftsman is 
sure of his layout. 

21. Lettering Pens.—The height of the letter 
determines the proper thickness of strokes. Th(^ 
pen should be chosen to give the proper thickness with¬ 
out pressure when carrying a normal quantity of ink. 


abcdefghijkimnopqrstu 
12345 vwxyz 6789 
ABCDEFGHIJKLMN 
OPQRSTU VWXYZ& 

Fig. 19.—Vertical letters. 



\/vork | lefter/ng | Graphic Compa/iTiion 

Pencii Tracing Layout 

Fig. 20.—Grades of drawing pcncilH and their uses. 



Fig. 21,—Wrico lettering guide. {Wood^Regan Instrument Company.) 


Style. —Upper- and lower-case letters should not be 
mixed in words except for the use of initial capitals. 

Weight .—The weight of strokes should be the same 
throughout any composition. The weight or thick¬ 
ness of stroke is determined by the size of the pen, 
which should not be filled too full or be allowed to 
run dry. 

20, Lettering Pencils.—The softer pencils F to 3H 
should bew.used for lettering. The various grades of 
pencils, grouped according to their use, are shown in 
I'ig. 20. A long conical point, not too sharp, will be 


The Gillott 170, 303, and 404 are suitable for small 
letters. For letters e hi. high and larger, the E. G. 
Henry I'ank pens, Nos. 12 and 15, are suitable. A 
wide variety of pens for special purposes is on the 
market. 

22. Lettering Guides. —Where exact uniformity of 
lettering on drawings made by different persons is 
desirable or necessary, mechanical lettering guides are 
useful. One of these guides, shown in Fig. 21, is 
supplied by the Wood-Regan Instrument Company of 
South Orange, N. J. A special pen shown in Fig. 22 
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must be used with these instruments. The guides 
range in size for letters and numerals from 0.09 to 
about 1 in. in height. Vertical and slant styles are 
available in both capitals and lower-case letters. 

A second device is shown in Fig. 23 which may be 
obtained from the Eugene Diet&gen Company, 



Fi(i.22. Wriooletterinjspen. {Wood^ReganInfstrument Company.) 


Chicago, Ill. These guides have the same general 
range of style and size as those mentioned above. 
Instructions for their use are supplied with the 
instruments. 


On the other hand, it is frequently necessary to 
make titles consisting of several short lines that are 
not enclosed, as, for example, the title of a chart or a 
subtitle under one of several drawings on a sheet. 
These may be fairly well balanced at the first attempt, 
if the title is written out longhand, as shown in Fig. 24, 

Fig. 24. — lialaruMit^ a titlo. 

and the center letter or space of each line is counted 
out. In counting letters for this purpose, the space 
between words should he counted as a letter. One 
may then begin at the cemter liiu' and letter out from it 
in each direction, as indic^ated in the figure. 

Some draftsmen prefer to hot ter out the title cai'e- 
fully on a j^iec^e of scratch paper and determine the 
location of the center of each line by measurement with 
a scale. In this w ay the exact beginning point of each 
line can be determined, and tlu^ lettering may all be 
done in the usual direction from left to right. In 
either case, if the first attempt does not result in a 
w(‘ll-balanced title, the material should be erased 
and the lettering repealed until a balanct* is s(‘cured. 

Titles should always be made in capitals, either all 
of one size or will) large initial capitals and small 
capitals in the usual two-thirds size ratio. Other 
lettering then, such as legends, notes, and the like, 
can be properly subordinated in lower-case letters. 
On chai-ts, the title should be well balanced in the area 
available for it. Subtitles under drawings should be 
at the center. 

In all cases, tla^ size of letters should bt* apf)ropriate 
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tire length of graove, giving 
Ml ploy of guide wMiotrt 
pen corrlor tiMing ou* of 
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f/etal base rwlf> ■Afth rubber 
insstrl und^octng to iiifurg 
hrm footing, 


Fig. 23.—Edoo Spee-dee lettering guide. (Eugene Dietzgen Company,) 


23. Titles.—In addition to proper spacing of letters 
in words and words in sentences, titles reqilire that 
the entire composition be neatly balanced about a 
center line or within the space allotted to it. In many 
drafting offices, the title blocks are printed on the 
drawing sheets, and it only remains to space a few 
words properly ^ithin certain ^nall areas. 


to the size of the sheet. For 8)^- by 11-in. sheets the 
maximum size would be ^ 6 in. 

Titles of drawings should contain at least the follow¬ 
ing information: name of company, its location, name 
of drawing or part, scale, date, and places for the 
initials of the various persons who draw, trace, check, 
or approve the drawing. 





CHAPTER III 


ORTHOGRAPHIC PROJECTION 

1. Three kinds of projection are iLsenlby engineers to be used, depending upon the nature of the object 

portray the objects that they propose to manufacture to be shown. The object is always placed with it^ 

or the projects that they intend to build. These are principal faces parallel to the planes of projection so 

shown pictorially in Fig. I, They differ from each that these may show in their true shape. 



Or'/hq^rTaph/c Ob//pi/e PenspecZ/i^e 


Fig. 1.—The tlitee kinds of projection. 


other in the relationsldp of the point of sight and the 
projecting lines to the plane of projection. Per¬ 
spective is used by engineers and architects to show 
the appearance' of buildings and other large projects. 
Isometric and oblique projections are used to clarify 
other drawings. Since they also resemble the 
appearance of an object to the eye, they are more 
easily understood. These types of projection arc now 
being extensively employed in aircraft work as an aid 
in assembly. 

For production drawing we must show the object as 
it actually is. rather than the way it looks. This 
is accomplished by the method called ^‘orthographic 
projection.^’ In this chapter we are concerned only 
with this method, and, from Fig. I and other illustra¬ 
tions in this chapter, it will be noted that the project¬ 
ing lines are parallel to each other and perpendicular 
to the plane of projection. 

2. Projecting Lines and Point of Sight.—Project¬ 
ing lines are sometimes called ‘Tines of sight” since 
we may think of the projection of an object as being a 
view of the object as seen from some particular point 
of sight. The lines of sight, or projecting lines, being 
parallel, the point of sight from which they emanate 
must t>e at infinity, beoause, by definition, parallel 
lines meet at infinity. There is, of course, a point of 
sight for every view that we make. 

8* Planes of Projeetlon.—The plane of projection 
is the Surface upon which the object is imagined to 
be projected or drawn. Ope or more planes may 


When more than one plane is used, they are placed 
at right angles to each other, as shown in Fig. 2. The 
three planes at right angles to each other are called 
the “principal planes of projection.” If additional 
planes are iKT^ied, these are called auxiliary planes. 



Fiu. 2.—Principal plaues of projection and qiia<irant.s. 


4. Notation of Planes and Projections.—One of the 

planes of projection is always assumed to be hori¬ 
zontal, and, consequently, it is called the horizontal 
plane, or H plane for short. The second plane being 
in a vertical position is called the vertical plane, or 
V plane. The third plane at right angles to these two 
is called the profile plane, or P plane. These planes 
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are also numbered for convenience in designating pro¬ 
jections upon them. The H plane is numbered 0, the 
V plane is 1, and the P plane is 2. Auxiliary planes 
then are numbered in order, 3, 4, etc. 

The intersections of the planes are commonly called 
'Aground lines/’ but the student wilf do well to think 



of them as the edgewise views of the planes of pro¬ 
jection, as seen from different points of view, rather 
than as mere lines. The horizontal and vertical 
ground lines are not ordinarily numbered, but when 
auxiliary planes are introduced, these are given the 
two numbers of the planes whose intersection they 
represent. 



Fia. 4.—Single-view drawing of a shim. 


In Fig. 3 are represented three projections or views 
of a simple block to illustrate the method of designat¬ 
ing points and their projections. A point on an 
object is designated by a capital letter as shown in the 
pictorial sketch, while the projections of the point are 
indicated bj^ the small letter with a subscript or accent 
corresponding to the number of the plane on which it 
lies. Thus, the projection of A on H is a© or simply a. 
The projection of A on V is ai, and the projection of A 
on P is 02 . The first auxiliary projection of A would 
be Os, and so on. This notation will be used through¬ 
out this chapter and is one commonly employed in 
engineering drawing and descriptive geometry. 

6. Single-view Drawings.— For simple flat objects 
of uniform thickness or for simple cylindrical parts, 
oTie view may be adefpiate to describe their shapes, if 
the third dimension is specified by a note. Thus, the 
shim of k4g. 4a has its shape defined by one view, 
except that this view does not give the depth or thick¬ 
ness perpendicular to the plane of projection. This 
is specified by a note in Fig. Ab and in this simple way 
completely defines the shape of the piece. A one-view 
drawing of a cylindrical part is shown in Fig. 5. The 
fact that it is cylindrical is indicated by specifying 
two of the dimensions as diameters. Except for 
extremely simple situations of this kind, one-view 
drawings are rather rai e. 

6. Two-view Drawings. —Most objects, even 
though quite simple, cannot be described adequately 
by a single view. For such objects at least two 
views are necessary, and these are made on two planes 



Fia. 5.—Single-viow drawing of a cylindrical part. 
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at right angleB to each other, as shown in Fig. 6a. 
These two views are called the H and V projections or, 
more commonly, the top and front views. While 
these views are made from two different points of 
sight, that is, one above the object, and the other in 
front of it, they must ordinarily be shown on a single 
sheet of paper. This is accomplished by imagining 
the horizontal plane rotated, as shown in Fig. 

The resulting arrangement of views is shown ortho- 
graphically in Fig. ()c. 

It should be noted, therefore, that, in ortliographic 
projection, the front and top views of an object are 
always in vertical alignment. No depart ure from this 
arrangement is permitted. 


I'o get square ends on the dashes, the pen or pencil 
should be brought to a full stop before it is lifted from 
thc‘ paper. Only in this way can good results be 
secured. It should be carefully observed in Fig. Sb 
that dashes intersect at. hidden corners. 

8 . Three-view Drawings.-'- Occasionally an object 
is encountered which cannot be described by two 
vi(»ws. In such cases all three of the principal planes 
must be employed, as shown in Fig. 9a. To get the 
three views on one sheet, both the horizontal and pro- 
file planes are revolved into coincidence with the 
vertical plane, as shown in P'ig. 96. The completed 
orthographic views are shown in Fig. 9c. It should be 
noted that although, for purposes of explanation and 



Fig. 7.—Two-viow drawing—front and views. 
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Fig. 8.—Hidden-line tovhuiqiK*. 


Sometimes it is desirable to arrange two views in the 
order of front and side views, as shown in Fig. 7. 
This is accomplished by making projections on the 
vertical and profile planes. The profile plane is then 
revolved into coincidence with the vertical plane, and 
the orthographic views appear as in Fig. 7c. 

7. Hidden Lines.—Mtoy objects have edges that 
cannot be seen from certain points of view, but these 
must be shown if the object is to be accurately por¬ 
trayed. Such lines are represented by a dash line, as 
shown in Fig. 8. The correct technique is clearly 
indicated and should be carefully followed. For 
ordinary drawings, the dash should be about in. 
long add the spaces between dashes about J >^2 
long. Perfect uniforinity of dashes and spaces should 
be maintained throughout any one drawing. 


illustration, the boundaries of the plane of projection 
have been shown, such boundaries and the ground 
lines arc omitted from shop drawings since they add 
nothing to the description of the shape of the object. 

9. Third-quadrant Arrangement of Views. —Thus 
far in all our drawings, the plane of projection has been 
between the observer and the object. Tlxis arrange¬ 
ment is (ialled third-quadrant projection and is the 
recognized standard in the United States. A refer¬ 
ence to P^ig. 2 will show the location of the other 
quadrants. 

In England and continental European countries, 
first-quadrant projection is used, in which case the 
object; is always between the observer and the plane. 
This results in an unnatural arrangement of views 
which is not favored in the United vSt.ates, although 
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some draftsmen inadvertently make first-quadrant 
drawings. 

Figures 10 and 11 show the unfolding of the planes 
of projection and the arrangement of six possible view s 
of an object on these planes. Any combination of 


nearly always appears, it is customary to draw- the 
object in this position (see Fig. 13). Some parts are 
used in various machine assemblies in different posi¬ 
tions. k\)r such parts, obviously, the last rule has 
little significance. In all eases, th(^ smallest number 



Fig. 9.—- riin'o-view drawing. 




Fj<}. 10.— notation of planeH. 


Ficj. 11.—Arrangement of .six viewa. 



Fig. 12.—Choice of views to avoid hidden linos. 


adjacent views may be used if placed in the order of 
Fig. 11, which is the standard t hird-quadrant arrange¬ 
ment. 

10. Position of Object.—As has been stated before, 
the object should be placed with its principal faces 
parallel to the planes of projection so that these will 
show in the various views in their true shape. A 
second rule governing the choice of position and the 
selection of views is to place the object and select the 
views to give the least number of hidden lines, as 
shown in Fig. 12. 

If the object has a position in which it always or 


of views should be made, which will adequately 
describe the object. 

11. Front and Two Side Views.—A combination of 
views chosen from Fig. 11, which sometimes occurs, is 
shown in Fig. 14, where a front and two side views are 
used to advantage. In a case of this kind, the side 
view shows only the side nearest to it and the hidden 
lines immediately behind it. The .remainder of the 
object is omitted. If the side or end views are 
symmetrical with respect to a vertical axis, only one 
half need be ^own, as illustrated for the right end 
view. ' 
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ill itH ni’.tural jiosition. 





W’herii space requirements demand, this may also 
be done with other combinations of views, as illus¬ 
trated in Fig. 15. 

12. Alternate Arrangement of Views. —Thus fai*, 
the side view has always becui shown opposite the front 




view. 'J'liis arrangement is preferred, but, whert^ 
space limitations recpiire, it may be placed opposite 
the top view. In this (^ase, the profile plane is 
revolved into coincidence with the horizontal plane 
first and tluai revolved with it into the V plane, as 
shown in Fig. 106. The arrangement of the three 
views is shown in Fig. iOc. 

13. Construction Methods. —In making the views 
of an object , it is customary to draw two lines at right 
angles to each other which represent the intersection of 
the three principal planes. Since the top view of any 
point of an object is directly above its front view, this 
relation may be used to locate either projection from 
the other. This process is sometimes spoken of as 
projecting a point from one view to anotlier. If two 
projections or views of a point are known, the third 
may be obtained by projection from these two. The 
three possible combinations are shown in Fig. 17. 
Thus the projection Ui can be located in the front view 
by projecting across from a 2 and down from a. The 
point Ih can be located by projecting across from bi 
and around from 6. Likewise, the point c in the top 
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view can be located by projecting up from Ci and 
around from C 2 . Note that in going around from the 
side to the top view, or vice versa, the distance of the 
horizontal projection from the horizontal ground line 
remains the same as the distance of the profile pro¬ 
jection from the vertical ground line*-. Three methods 


draftsman—so well understood, in fact, that he can use 
them without having to stop and think about them. 

a. If a line is perpendicular to a plane, its projection 
on that plane is a point. See ER, FSy and FR and the 
projections crri, fs, and / 2 r 2 , which show as points on 
F, Hj and P, respectively. 





Fio. 16. “AIOMiuito method of rotation of profile plane. 



Kpi. 17. - Finding third view from two given views. 



Fig. 18.— Method of transferring measurements between top and 
side views. 



of projecting from the top to the side view, or the 
reverse, are shown in Fig. 18. These are simply con¬ 
venient methods for making the distance from the 
horizontal and vertical ground lines equal in the top 
and side views. 



14. Geometrical Principles.—A careful study of 
Fig. 19 will reveal the following geometrical relation¬ 
ships, which should be clearly understood by every 


6 . If a line is parallel to a plane, its projection on 
that plane shows the true length of the line. A line is 
parallel to H if its front view is parallel to the ground 
line. Lines EF, AB, and DC show in their true length 
in the top view . 

c. If two lines are parallel, their projections on any 
plane are parallel. See lines A D, BC, and OF in Fig. 
19. Note that their projections in each view are 
parallel. 

d. If two planes are parallel and are intersected by a 
third, their intersections are parallel. The three 
lines mentioned in c above represent the intersection 
of the inclined face with the vertical sides of the square 
hole and the right face of the block, all of which are 
parallel. 

e. A plane face of an object shows in its true shape 
only when it is parallel to a plane of projection. To 
be parallel to one plane, the face must show edgewise 
parallel to the ground line in the other one or two 
views (see EFR in Fig. 19). 

15. Rounded Comers and Fillets.—The objects 
shown thus far in the illustrations have been repre¬ 
sented with sharp edges. In production, however, 
only objects with finished surfaces have sharp lines of 
intersections between the faces, and even ^ese are 
usually broken or rounded to a very small radius. 
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Unfinished surfaces are always well rounded at their 
intersections. External curves are spoken of as 
rounded, while interior corners are filleted. 



The line representing a rounded or filleted corner in 
one view should be in projection with the actual line of 
mters(^ction of the surfaces, as shown in Fig. 20. The 
proper method of showing the ‘^runout” line of fillets 
or rounded corners is shown in Fig. 21. 


For the sake of clearness, pictorial drawings for proly 
lems are usually shown with sharp edges, but, in 
working drawings of these problems, rounded corners 
and fillets should be shown exactly as it is intended the 
object shall be made and in keeping with the general 
rules of this article. 

16. Need of Auxiliary Views. —In order to dimen¬ 
sion working drawings properly, it is necessaiy to havf' 
the true shape of the various faces of the object that 
must l>e dimeiisioncd. This is the reason for choosing 
the position of the objectt so that its faces are parallel 
to tlie three principal planes of projection. With 
some objects, however, all faces cannot , l)e rnadi^ 
parallel to these planes, as, for example, the little block 
shown pictorially in Fig. 22a and with the thr(‘e 
principal views shown orthographically in Fig. 226. 
Here the face A BCD does not show in the t rue shapes 
in any one of the three principal views. In such cases 
an additional plane of projection may be used. It is 
called an auxiliary plane, and the view made upon it is 
referred to as an auxiliary view. 

17. Position of Auxiliary Plane. — If the auxiliary 
plane is to serve the purpose of showing the true shape 
of the irujliiuKl fac.e of the block in Fig. 22, it must be 
placed i)arall(d to this face. Iliis can be done only 
when the inclined face shows edgewisk in one of the 
three principal views, as for example in the front view 
of Fig. 226. 






u 



r'ju. 21. —-Runout lines for filleted rorneis. 




Fig. 22. — Auxiliary ,plane perpeudieular to the vertical plane. 
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In order to carry out the construction of the auxil¬ 
iary view, the auxiliary plane must be perpendicular 
to one of the principal phines, thus (tarrying out the 
orthographic, or right-angle, system of projection. 


placed so that the auxiliary plane is perpendicular to 
the profile plane. 

18. Constructing an Auxiliary View. —In Fig. 25« 
the top and front views of the block will be assumed as 






Such an auxiliary plane is shown pictoriaUy in Fig. 22c 
and ortbographically in Fig. 22d. 

In Fig. 22c the auxiliary plane is perpendicular to 
the vertical plane. In Fig. 23 the same block is turned 
so that the inclined face shows edgewise in the top 
view, and henee the auxiliary plane is perpendicular to 
the horizontal plane. In Fig. 24 the block has teen 


completed, and it is required to find the true shape of 
the inclined face. Since the inclined face shows edge¬ 
wise in the front view we must place our ground line 
1-3, which represents the auxiliary plane, parallel to 
this inclined face. Then from the various points in 
the front view, etect projecting lines perpendicular to 
the 1-3, or auxiliary, ground line. Since the auxiliary 
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piano is porpendicjular to the vortical plane, as is also 
the horizontal plane, both the top and auxiliary views 
must show the object to have the same width. Hence 
transfer the distances x and y of the A^arious points in 
the top view from the horizontal p;round line to the 
corresponding positions in the auxiliary view. Thus 
the projection in the auxiliary view will be as far 
]>ehind the ground line or vortit^al plane as the corre¬ 
sponding projection a is in the top view. S(wcral other 
points have been lettered t.o assist in understanding 
the method. Tlu'se distanc^es can be transferred with 
a compass, as indicated in Fig. 25(7, or a divider may be 
used and the ai*cs omitt(^d. 



1’u;. 2<i. r»(‘ of aiixiliajy iJCojcH'tion to oojiHtj uot iJiiiicipal viows. 

19. Reference Planes.— In the construction of Fig. 
25a the vertic^al plane has been used as a reference 
])lane. It will be noted that this makes the view^s far 
apart. In many cases they would be too far apart for 
convenience in shop or production drawings. This 
situation can be remedied by choosing some other 
plane, parallel to the vertical plane, as the plane of 
reference. In Fig. 256 the front face of the object has 
been used as such a plane. This makes the corre¬ 
sponding face and the ground line coin cide in the 
auxiliary view, and this ground line can be placed as 
close as desired to the inclined face in the edgewise 
view. "Fhe extension of the line in the front face 
representing the ground line in the top and auxiliary 
views could olndously have been omitted. In Fig. 
25c a plane of symmetry through the center line 
parallel to the vertical plane has been used as a 
reference plane. In many instances this is the most 
convenient since for circular objects as many as four 
points can be located in the auxiliary view with one 
setting of the divider (see Fig. 26). It should be noted 
that the change of reference plane makes it diflScult 
and inexpedient to transfer distances by means of 
circular arc projecting lines, as in Fig. 25a. All dis¬ 
tances are more easily transferred w ith dividers. 

20. Constructing Principal Views from Auxiliary 
Views. —In some instances, when the shape of an 
inclined face is known, the construction of the views 
is begun injthe auxiliary view, as in Fig. 26. Here the 
front view^ can be drawn, and, since the boss is knowm 
to be circular and concentric with the hole, it can be 


draw n as a circle in the auxiliary The correcd* 

shape of the top view^ can now^ bo obtained by pro¬ 
jection from the front view' and measurement from the 
auxiliary view' as follow's: Divide the circle in the 
auxiliary view into 12 equal .parts about the axis of 
symmetry or center line wdiieli is parallel to the 
inclined face in the front A'iew. l^roject thes(' 12 
points to Hie fi'ont view’ as illustrated for A , /?, (\ and 
D. A center lino for the top view' may now’ be draw n 
at the desired location to give a good spacing of views. 
Project the 12 points vertically upw ard from tlu* fi'ont 
view, allowing the projecting lines to extend across the 
center line in the top view'. On these set off the 




I’ M.. ' 27 .- Partial auxiliary 

distances A" and 1' as obtained from the auxiliaiy 
view’. Draw' a smooth curve through these poinfs. 
The remainder of the top view' is constructed from 
know n dat a concerning its shape. 

21. Partial Views..While in general it is true that 

tw o complete vdew's are nect^ssary to describe the shape 
of an ()bj(H*t, in many cases the views need not be (com¬ 
plete view s. Figure 27 illusti-ates a case in which only 
one view' is complete, namely, the front view'. Noth¬ 
ing w'ould l)c gained in clearness by showing the entire 
object in either the side or auxiliary view's. In this 
instance, siiuce the auxiliary view is symmetrical about 
the reference plane, only one half need be drawn. If 
space limitations required, the side view could also 
have been showm as a half view. 

It is the general practice to show' only the portion of 
the object that is parallel to the auxiliary plane in the 
auxiliary \'iew', as illustrated in Figs. 26 and 27. 
Other portions may be broken off, as in Fig. 26, or 
simply omitted, as in the front and auxiliary view of 
Fig. 27. When Iiidden lines arc necessary, only those 
immediately behind the surface are shown. 

22. Sectional Views.—In some cases removed sec¬ 
tions can be made more effective if pla(‘ed as auxiliary 
views (see Fig. 28). They are also more easily drawn 
in this position, since many dimensions can be 
obtained by projection rather than by measurement. 
The accepted positirjn for an auxiliary section is 
shown in Section BB with the arrows p(»inting away 
from the sectional view. Occasionally this rule may 
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be broken for special reasons. In Section A A the 
shape of the wings had to be shown on the section, 
which made it necessary to direct the arrows toward 
the sectional views since placing the section clear 
across the drawing on the right would have made it 
difficult to read. Consequently, \i -was considered 


objects more clearly than could be done with hidden 
lines. It also enables the draftsman to clarify certain 
rounded contours that would be indefinite with only 
the usual external views, as, for example, the cross- 
sectioned shape of a bar tube. The decision as to 
when to make a sectional view rathei* than an external 







I'lo, 29. " Ponition of cutting plane for u fiiU-«©ctioned view. 




better to break the rule and place the section as 
shown. 

23. Poipose of Sectional Views.—A sectional view 
is a projection of an object in which a portion has been 
removed to show interior construction or a view of a 
slice cut through a member at right angles to its 
length to show th^ shape or contour. The purpose of 
a sectional view is to show the interior construction of 


view must be based entirely upon which one gives the 
clearer description of the object. 

24. Cutting Planes.—In general, objects are imag¬ 
ined to be out along axes of symmetry by planes that 
are parallel and perpendicular to the principal plane of 
projection, as shown in Figs. 29 and 80. This process 
is entirely imagiptuy, And the removal of a portion in 
one view does not affect the other viewpi 
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J' Hi. iiO.— l*(>witioii of euttiiiK plane for a huIf-M'efioned vi('W. 


26. Full Sections.—When the main rutting plane 
passes entirely across the object, as in Fig. 29, a full 
section is obtained. Although the object is cut in 
half, this is not a half se(!tion. The phrase ‘Tull sec¬ 
tionapplies to the drawing, not the object. The 
same object as shown in Fig. 29 has been shown ortho- 
graphically in Fig. 31. The location of the cutting 



plane has here been shown for illustrative purposes. 
When the cutting plane is on an axis of symmetry, its 
location need not be shown. All visible lines behind 
the cutting plane must be shown. It is a common 
error of beginners to omit some of them (see Fig. 32). 

26. Half Sections.—In many cases a clearer draw¬ 
ing can l>e made by removing only one-fourth of the 


object, as shown pictorially in Fig. 30. I'his is called 
a “half-sectioned view."’ When shown as'in Fig. 33 
it has the advantage of revealing both the inside and 
outside of the part. Where metal is cut at the center, 
a solid line may be drawn instead of the center line. 
This vseems to be the more common practice in indus¬ 
try, although some texts prefer the use of a center line. 



27. Hidden Lines.—Hidden lines should not be 
shown behind the cutting plane unless necessary for an 
interpretation of the drawing. This is not often 
required. In half-sectioned views hidden lines may l>e 
shown on the external half where they will be found 
indispensable for dimensioning (see Fig. 33). In half- 
sectioned assemblies, on the other hand, hidden lines 
are in general entirely omitted. 

28. Location of Cutting Plane.—In some objects it 
is desirable to bend the cutting plane or offset it from 
the principal axis of symmetry. In such cases the 



Fio. 82.. Correct mid incorrect full auctions. 
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I'lG’. .’M.- IiulicjitifiK till* location of flic cuttinj^ phitu*. 



location of the cutting plane should [>e shown with a 
heavy dash double-dot line, as illustrated in Fig. 31. 
The line may be shown entirely across the figure or 
only at the ends and turning points. 

Arrows should be placed at the ends, indicating the 
ilirection in which the view is taken. Letters are also 
placed at the ends so that th(‘ section may be iden¬ 




tified. This is particularly necessary when there are 
several sections on a sheet. 

On large drawings in w hich the section is drawn on a 
sheet separate fiom the view^ on which its location is 
indicated, the letter identifying the section is made as 
the numerator of a fraction whose denominator is the 
sheet number on which the section appears (see Fig. 
34). 

29. Offs0t Sections.—When the cutting plane is off¬ 
set at right angles to the main axis of symmetry, as 
shown in Fig. 36, this is called an ** offset section.'' 
It is not necessary to indicate the change of direction 
of the cutting plane in the sectioned view*, 


30. Revolved Sections.- Ilu* shape or contour of 
small })arts such as spokes of wheels can be shown 
conveniently by taking a section at right angles to the 
member and revolving it into the plane of the view" 
about the center line of the section, as shown in Fig. 
36. If the member is sloping or tapering, tlie revolved 
section is drawn as it is and not following the taper. 



In such cases it is best to make a bjoak in the meml>er 
for tl)o section. When the shape of the member is 
uniform, a break need not be shown. 

31. Removed Sections. —In some situations it is 
inconvenient or awkward to draw a revolved section. 
The cutting plane with arrows and letters can be 
drawn showing the location of the section, and then 
the section may be represented at some convenient 
place on the paper, as shown in Fig. 37. 

The removed section is sometimes drawn in projec¬ 
tion as’an auxiliary view (see Fig. ^28). When neces¬ 
sary, it may also be drawU to a larger scale than the 
main view in order to bring out details more clearly 
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and to permit better dimensioning. When drawing 
removed seetions, the draftsman must be careful to 
orient the sectional view with relation to the rest of the 
drawing so there is no danger of misinterpreting it or 
reversing the part. 

32. Broken Sections.—When it is desired to avoid 
the labor of a full or half section for the purpose of 
re\’(\‘iling the interioi’ pai*t of an object or of tc't- 



Fl(j. Hcfnovcd luul rcvolvod 



m 





Fig. 39.““ a sectioTicd tiMbomhly. 

minating a larger section, this may be accomplished by 
making a broken section, as shown in Fig. 38. 

S3* Sectioning Assemblies. —A drawing that shows 
a machine with all its parts in proper working order is 
called an ^‘assembly;^^ Such drawings are usually 
claborately^ectioned. Where different parts adjoin 
each other, the direction of the crosshatching should 
be changed 90 deg. In general, crosshatching lines 


arc made at an angle of 45 deg. If three separate 
parts come adjacent to cacdi other, then th(^ cross- 
hatching in one of them must, be turned at some other 
angle, usually 30 or GO deg. (see Fig. 39). Hidden 
lines should not be shown in sectioned assemblies 
unless tlie drawing is improved thereby. 

34. Crosshatching.—As indicated above, cross- 
hatching should, when possible, be drawn at an angh^ 



Fi<j. 40. (_K)nveuti<)nal break.s. 




I'nj. 41. -Thin materials in section. 


of 45 deg. If this brings the crosshatching lines 
parallel to the outline of the section, then some other 
convenient direction should lie chosen. The spacing 
of lines should be uniform throughout any section and 
may vary from 13 *2 fo M in. or more, depending 
upon the size of the section. For ordinary drawings, 
the spacing is abbut I {(5 in. (see Fig. 39). The lines 
should be thin and light like dimension lines. 

36. Conventional Breaks.—^I^ong members of uni¬ 
form cross section are usually not drawn to scale 
lengthwise. This fact is brought out by showing a 
conventional break in the member, as illustrated in 
Fig, 40. A revolved section may or may not be inter¬ 
polated in the break. 

36. Sectioning Thin Materials.—When thin sec¬ 
tions 8U(4 i as plates, channels, angles, and other struc¬ 
tural members are shown in section, they may be 
made solid black if the scale of the drjiwing is small. 
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Fi<i. 42. —Hoctioii with odd-iiurubored axc.s of .syrntnotry. 


Adjacent pieces should then be separated by a space, 
as shown in Fig. 41. 

37. Commercial Practice. —In general, sectional 
views follow all the rules of projection, but in some 
instances, enumerated below, the drawing can be made 
simpler and clearer by a slight violation of these rules. 



Fia. 43.—Partial cro88hatc)iiug. 


Thus, when the cutting plane passes lengthwise 
through spokes, bolts, screws, etc., these are treated 
as though they had not been cut (see Fig. 42). 


When a cutting })lane passes through a thin web 
parallel to its larger dimensions, the web is also treated 
as though it had not been cut. Jh)th these practices 
not only sav^e time but make for (dearer drawings. 

38. Odd Axes of S 3 rmmetry. —When the cutting 
plane passes through an object having an odd number 
of axes of symmetry, the section is made as though 
there were an even number (st^e Fig. 42a). Holes not 
on the cutting plane, when on cir(‘ular parts, are shown 
at their correct distance from the centt^r rather than in 
true projection (see Fig. 426). 

39. Sections in Outline. —On very large parts with 
no interior details, only the edges are sectioned, as 
shown in Fig. 43. This saves considerable time in the 
drafting room. 

40. Symbolic Crosshatching.- It is the usual prao 
tice to use one style of crosshatching for all metals, 
namely, that for cast iron in Fig. 44. But when 
desired, the entire range of symbolic crosshatching of 
Fig. 44, which has found wide acceptance, may be used. 
Some companies have special standards for use in 
their own drafting rooms. 
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Cast iron or 


Sound or heat 

^ /////^ 


other metal 


insulatloD,cork 


Marble, slate 
glass, poroelain 
etc* 



Steel 

Asbestos, magnesia. 







Sarth 



Bronze, brass 
copper and 
compositions 


___ 

Flexible material 



Fabric, felt, rubber 



leather, linoleum 



Rock 


■ White metal, zinc 
lead, babbitt 
and alloys 


Electric windings 
electro-magnets 
resistance, etc. 



Sand 


Magnesium, 
aluminum and 
aluminum alloys 


V7777. 


Firebrick and 

refractory 

material 


Water emd 
other liquids 



Electric Insulatja^fT^nFr?^ 

vulcanite, fibre 

mica 


Concrete 



Across grain wood 
With grain 



Bakelite and 
other plastics 



Brick and stone 
masonry 


Wire mesh 


tVt 






0 //// 



xixzc 


-CiSS 


^± 1 : 


/'i 




Brick TTncoursed & Ashlar Transparent Marble 

Coursed rubble material, glass 

etc. 


Fk;. 44,—Standard Hynibolic croaHhatchinft. 
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ORTHOGRAPHIC SKETCHING 


1. Although tile engineer makes most of his drawings 
with instruments, nevertheless the ability to make an 
accurate freehand sketch is a most vahia})lc asset. 
Sket(;hes may be made in either orthographic or pic¬ 
torial form. In the field of production illustration, 
with which we are primarily concerned in this text, the 
pictorial freehand sketch predominates, but tluue are 
situations in this field in wliich the orthographic two- 
or thre(vview sketch is a most useful adjunct. 


be straighter than can be produced by ot her nu‘thods 
(see Fig. 1). The draftsman should practice making 
straight lines in various directions. Me should also be 
abki to draw two or more lines parallel to each other at 
varying distances apart. Horizontal lines are usually 
sketched from left to right, and vertic^al lines from the 
top downward. Lines sloping up to the right are 
usually drawn away from the body of the draftsman, 
and those sloping down to the right, ai-e drawn toward 




Fio. 2.—Sweepiniu; Htrokew for ciredew and ellipHCvs. 


For general engineering purposes the orthographic 
sketch is also an excelkmt working tool. It is useful in 
conveying preliminary ideas for new machines and also 
in the making of actual design layouts including com¬ 
putation sketches for strength and function. Ortho¬ 
graphic sketches may be either detail sketches of 
single parts or assemblies of several parts. Sketches 
are also frequently made of objects already in existence 
for pui*poses of repair, alteration, or changes in design, 
addition of parts, etc. 

2. Sketch Strokes.—The type of stroke to use in 
sketching will depend upon the w(yrk in hand and the 
purpose for which the drawing is to be used. 

Preliminary Work ,—For the preliminary layout of a 
sketch, a light free overlapping stroke is found most 
useful. It is easier to produc.e a long straight line by 
this method than by attempting a steady^ continuous 
arm or finger inovement. Although the line produced 
may have a rft^ed appearance^ it will in the long nm 


the body. Obviously, each draftsman will have to 
develop his own technique in this respect. 

In making the sketch stroke, the hand should be 
lifted slightly from the paper at each stroke. This 
prevents making a curved line with the hand rest or 
elbow as a center of curvature. 

Circles .—For circles and ellipses, made without 
definite control points, the entire curve may be 
sketched in one sweeping frec-arm movement, as 
shown in Fig. 2. The stroke may go over the path 
one or more times as indicated, and the hand may be 
swung several times before the pencil is touched to the 
paper. Having the general outline and proportion, 
discrepancies in the curve can be eliminated with 
shorter strokes until a smooth curve of the desired shape 
is attained. Additional concentric curves will be made 
parallel to the first by using the short sketch stroke. 

When the circle or curve must pass through definite 
points, as, for example, when drawing a semicircle 
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tangc'iit to two straight lint's, it is ht^st. to iiso tht' short 
sketch stroke and work out the curve by tiial and 
error, as shown in Fig. 3. 

Here the draftsman should practice sketching circlt's 
inside sfiuares in which he has drawn the two center 
lines, as shown in Fig. 3. Note that the curves are 
tangent to the mid-point of t he sides of tlie enclosing 
figures. 


Guide points for making an accurate 
sketch of an ellipse or part thereof may be obtained })y 
(‘it her of the trammel met hods showui in Fig. 5. I u the 
method shown in the diiigram at the left the semirnajor 
axis oa of the ellipse is marked off on the straight edg(^ 
of a piece of scratch paper and designated oa, and then 
the semiminor axis oh is laid out in the (opposite direc¬ 
tion from point o' and marked 6'. Hy moving the stri[) 




A second method of sketching cii cles, using a scrap 
of paper, is shown in Fig. 4. I'his is useful wdien the 
circle must be of definite size relative to other circles or 
adjacent paits. By drawing 45-deg. lines in addition 
to the center lines and on each of the lines measuring 
off the desired radius with the piece of scratch paper, 
accurate results can be attained. Additional points 
can be plotted on the circumference if desired. 


/ r/s/6/& oi/f//r)e 

f//s/h/e oai///7e 

Z- /i/c/de/7 ////es 

/i/dc/e/? ///?es 

S Ce/7fe/^ i/'r/es 

Cer?/e/' J/nes 


■ 4 ^ D/rr?ens/or? /jogs D/mens/on ///yes 


I ’u;. 7. ('liuracter of linew. 

of pap(‘r so that, the point a' is on the minor axis and 
p(jint // is on the major axis, (.he point o' travels on the 
(‘llipse. 

l'h(‘ second method is carried out in the same man¬ 
ner ex(*ept that the semimajor and semiminor axes are 
laid out in the same direction from the point o', as 
shown in the diagram of P^'ig. 56. As before, if the 
j)oint a' moves along the minor axis and the point 6' 
along the major axis, the point o' will travel along the 
ellipse. 

FiniHhitKj Stroke .—-When t he layout of a sketch has 
been completed in light strokes, as indicated al>ove, 
the draw ing may be hnished l>y going over the outlines 
w ith a sharp soft pencil making the outline continuous, 
as show n in Fig. 6. Some draftsmen prefer to make a 
very short break {^‘^2 iii* less) between strokes on 
the finished drawing. The solid line is usually 
preferred. 

Standard Ty pes of Lines .—For engineering wmrk t.he 
lines of the finished sketch should follow^ the same 
general standards as for instrumental work. These 
lines and tluir uses an; shown in Fig. 7. 



Fio. ft.—Prolimlnary outline and ftriinhcd sketch. 
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3. Proportioning Plane Figures. —Plane figures such 
as the triangle, square, hexagon, circle, and ellipse occur 
in all drawings. The secret of correct proportions for 



such figures is tiial and check wit h instruments or with 
instrumental drawings. Skill can be acquired only by 
intelligent, thoughtful practice. The equilateral, 
isosceles, and 45-deg. right-angle triangle should l)e 
practiced in various positions, as shown in Fig. 8. 
The draftsman should be able to make accurately 
angles of 30, 45, or (K) deg. Tliis can be done by 
bisecting and trisecting a 90-deg. angle by eye. 

In drawing a hexagon it may be noted that the 
corners may l>c established by erecting perpendiculars 
at the (luai'ter points of the diagonal. The procedure 
would be to sketch a circle of the desired size and draw 


two center lines at right angles to each other. Bisect 
by eye the two halves of one center line, and erect 
perpendiculars to cross the circle, as shown in Fig, 8. 



A check on the acjcuracy of an ellipse that provides 
good practice in proportioning is to sketch first two 
concentric circles having diameters equal, respec¬ 
tively, to the major and minor axes of the ellipse, as 
shown in Fig. 9. Next sketch in the ellipse. Then 
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check by drawing radial lines cutting both circles, as 
illustrated at a and 6. Lines drawn from these points 
parallel to the axes of the ellipse should intersect on 
the curve of the ellipse. 

4. Sketching Solid Objects.—One-, two-, and 
three-view sketches of solid objects should follow all 
t he rules of orthographic projection discussed in Chap, 
III, the work being done freehand instead of with the 
aid of instruments. The relationship of the views to 


ship of length, breadth, and thickness must be e8tal>- 
lished by judgment. One must learn by practice to 
estimate accurately that an object is, for example, 
twice as long as it is wide or one-half as thick as it is 
wide. Thus in Fig. 10 the object, being circular, is as 
long as it is wide; hence the front view can be enclosed 
in a square of any chosen size. The total depth is just 
a little more than one-third the width; hence the top 
\dew can be enclosed in a rectangle, in line with the 



each other must be acuairately maintained. Rules for 
auxiliary and sectional views are also in full effect for 
orthographic sketching as well as for instrumental 
drawing. 

6* Blocking Out Views.—In blocking out the views 
of an object, whether from the object itself or from 
a pictorial drawing thereof, the first step will be to 
determine the general over-all proportions. Then 
draw the enclosing rectangles for the various views, 
thus establishing the proper relationship among the 
three princ^al dimensions of the object. 

If the pictorial drawing is not dimensioned, or the 
object eannbt be measured, the fundamental relation¬ 


s(iuaie below and a little over one-third tus wide as it is 
long, as shown in Fig. 10a. For symmetrical objects, 
center lines are drawn, and then the details may be 
proportioned as fractional parts of the whole, the vari¬ 
ous steps being shown in Figs. 106, c, and d. Finally, 
construction lines are erased, and the figure can then 
be dimensioned and noted as may be necessary for the 
purpose it is to serve. 

Scales are not used at any step in making a sketch, 
since the entire procedure is a matter of proportioning 
by judgment. 

The procedure in making a sketch will be as 
follows: 
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V* Dr'aiA^ ouf/ine oncf /oyofFspacBs ^qoa/ fa pz/c/?- Drcziv 

^ Dnapu I/s one/ os/ojb//s/-? roo///nes \ roo///r?es 



<J- Dnai^ I/s 

"TP 


mWhWIiWiiWJ!! 


^,Orozv ones/ //nes \ar?c//9/7/s/7 





t1 

\ - i 

MlP 

a 

j|M 



I' KJ. 12.*“ SketehiiiK h National form tliread. 





1. Siii<ly tlie ()})ject to a cleiu’ m(‘ntal iiiuige of 
its shape and proportions. 

2. I)(M'ide upon the numlxu’ of views reqnircMl to 
show this shape. 

3. Block out rectangles that will just enclose each 
view, thus defining the general proportions. 

4. Draw center line, and block out by smaller 
rectangles the major details of the object in correct 
proportion to the whole. 

5. Draw ne(‘.essary center lines, and locate the 
smaller details such as holes, etc, 

G. Finish the sketch, going over the outlines and 
using the proper type of line, as shown in Figs. 10 and 
11. 

7. If needed, dimension and note the drawing in 
accordance with standard drafting practice. 

This general procedure has been outlined for anot her 
object of more complicated shape in Fig. 11. In the 
finished drawing the <mclosing rectangles would >>e 
erased. 

6. Sketching Screw Threads. —American National 
form, square, and acme threads can be blocked out as 
illustrated in the various steps of Figs. 12 to 14. 
Ihiless care is exercised in drawing the first light lines 
across the thread, spaced according to the pitch, it 
will Ix^ impossible to make a correct layout for screw 
threads since these lines give the c(xrect proportions. 
It is presumed that the student can distinguish 
betweeii right- and left-hand threads and knows the 


relationshi]) of cr(‘st to crxsst aetoss tlu'sci’(‘w foi' singles 
and double threads. 

7. Sketching Springs.—44ie procedure for- sketching 


springs is (piite similar t( 
of screw thre^ads as d( 
steps a-r(‘ shown in Fig. 



Fio. 15.—Steps i 


) that used in making sket(‘hes 
^sci'ibed above. The various 
15. (1) Draw two lines re])]•(»“ 

TlriTT'n-; 


' I M I ' 1 

lb) 



sket(;hirjK a spring. 


senting the outside diameter of the spring, and then 
draw lines straight across at right angles to them 
spaced at one-half the pitch. (2) Draw small half 
circles on opposite sides on alternate lines, as indi¬ 
cated in Fig. 156. (3) Using a light sketch stroke, 

draw the near side of the spring and then the rear part 
of each turn. (4) Finally sketch the ends iri theii* 
proper form as desired. 
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AXONOMETRIC PROJECTIONS—CONVENTIONAL CONSTRUCTION 


1. Definition.-" An axonomotric projcu^t ioii may be 
(l(?fined as an orthoj^raphic projeelioii npoii a plane, 
that is inclined to the tlnec principal planes of pro¬ 
jection. . Thus in Fi^. 1 the plane AI^(^ is iin axono- 
rneti’ic plane, and d is the ortbo^ra-phic ])i-ojecti()ri of J> 
upon this plane. Three kinds ot ax()nom(‘t jic pro¬ 
jections can be inad(‘, d(^p(‘ndin^ upon the ])osilion 
of the plane. 



Isomidric ,—If the plane AJW shown in Fif»;. 2(i 
makes equal aiif»;les with the planes If, \\ and them 
the projection upon this plane is (‘alhal an ^‘isometric 
projection.^’ The thiec axes OA, OB, and Of’ are 
ecpially foreshortened. E(puil scales can be used on 
these axes; hence, the term ’Visoinetric,” meaning 
“equal measurement.” These line's, or lines parallel 
thereto, are called “isometric lines.” 

Dhnetric .—If the plane ABC, as shown in Fij:;. 2b, 


makes eapuil anj»;les with any two of t he thrc'c principal 
phwu's and a diifevent anj^le with tlu^ third, th(*n an 
<>rtho^rapli(^ projection on this plane is called a 
“diiiK'lrie projection.” Two of the axes OB and 00 
are e(jually foreshortened, while the third OA is 
for(^'<hort-ened l)y some otlnu* amount. In the illus¬ 
tration, the an^h'S wit h th(' vertical and protih' planes 
are ecpial. 

Trtnu'frir .— A third type^ of projeedion, calk'd 
“tiimet-ric,” is obt.aiiu'd when the plain' ABC, shown 
in Fi^\ 2r, is inclined uinapially to all thj‘(‘(' planes of 
piMjection. Tlu' thiee axt's OA, OB, and OC are all 
unetpially foreshortened in their projecthms on AB(\ 

d'he plane on wd ich the axonometj’ic projc'cthm is 
mad(‘, lu'reafter called simply llu' “axonometric. 
olaiK',” may m>t be parallel or p('rpendi(*ular to any 
OIK' of the three principal phiiu's. 

2. Two Methods of Construction. -Axononu'tric 
draw inj!;s may be made in two dilh'ii'iit ways, lien' - 
t,(.>for(‘, the only ])ra(‘ti(‘al way luis ))(‘en by nile-of- 
thurnb methods, which giv(‘ satisfactory approximate 
results, d'he seeond s(‘hem(t In' an ixxact nu'thod t)f 
projection, is quite', simple and in many case's superioi' 
because of its ji;eometric accuracy. 

The first of those methods, wliich w'e shall dosif^natt' 
as the c<)n^'('ntiona] method, results in an axonometrie* 
drawing as distieiguished from a projection. A pro¬ 
jection is geometrically correct in its foreshortening, 
while only approximate I’c'sults are obtained in the 
drawing by using scales that approach more or less 
closely the foieshortened values of the axonometric^ 
axes. A correc’t isometric scale can be obtained, as 
shown in Fig. II, although this is seldom done. Two 
scales would l)e requin'd for diimdrics a,nd thnM' foi* 
tri metrics. 



Fkj, 2.—Vmiou» portions of axononift nc plane. 
4l 
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By rule-of-thumb methods, only a few positioiivS called the ^isometric axes,” are equally inclined to 

for dimetrics can be used conveniently as dis- each other. Secondly, these three lines, which are of 

cussed in paragraph 22 of tliis chapter. Trimetric equal length on the cube are also of equal but fore- 

giveiJ more pleasing effects and by means of special shortened length on the isometric of the cube. Hence 

equipment discussed in Chap. XIV can be readily we could make an isometric projection of a cube by 

constructed in a number of positfbns. By the exact drawing three lines at 120 deg. to each other and 

method explained in Chap. VI, both dimetrics and measuring on them the length of the edges of the cube 

trimetrics can be made very easily with perfect with an isometric scale. The remaining edges of the 

flexibility as to choice of axis and position of object. cube would be drawn parallel t o the original three. 



Fi<j. 3.—Coustructir)!! of an i.soniet ri<* ncrjilc. 



Fxg. 4.—‘Cube turned for isometric projocti<jn on the vertical plane. 


3. Conventional Isometric.—The conventional Since an isometric scale is not usually available, 
method of construction for isometric may be simply a similar figure but somewhat larger corild be made 

explained by placing a cube with its body diagonal by making the measurements with a normal scale 

perpendicular to the vertical plane and projecting (see Fig. 5). This is the usual procedore, and the 

the cube orthographically upon that plane, as shown result is called an “isometric drawing” instead of a 

pictoriaUy in Fig. 4o and orthographically in Fig. 4i». projection. 

It will be noted that this places the cube in the same A little further study of Fig. 46 will show that only 
position n^ative to the vertical plane that it normally the edg«s of the cube or lines parallel thereto are 

would haye to the isometric plane, shon^'m Fig- 2a, equally foreshortmied; therefore, in constructing an 

and hence 4:^^usion8 drawn from one apply isometric, nic<ii»wremen£» can 6e mods only on or portlSd 

with eqimljdg^ to the other. to the three itoim^ It may be aote^ria plaaitogr 

From an ^^Muihination of F%. 46 it wiU that the faoe;^iEig<!^ls AS, SC, 

.that the thr^^lines,;0A, OB, and : their troe\'tei^]fe';bwuao ,th^':'ai|^''?:^ar^ 
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plane. These true lengths, however, cannot be 
conveniently used in constiiiction. 

4. Construction of Simple Solid.—Other simple 
objects may be constructed in the same manner as the 
cube. Thus, the box in Fig. 6 may be made by draw¬ 
ing the lines OAy OB^ and OC of random length at 
e(iual angles to each other using a T square and 30-G0- 
deg. triangle. On these lines measure with a normal 


will be measured up to the right on ON or parallel 
thereto in the isometric. Vertical dimensions on 
the object, such as Oi-Ui, will be measured vertically 
like OA in the isometric. It is a simple matter to 
transfer dimensions from the orthographic views to the 
isometric with scale or divider. Once established, the 
orientation of the object in the isometric must be 
clearly held in mind. Thus, in Fig. 7h, 



/^SO/Vfe Tf? / c /■S0M£:TR/C 

O^Av\^/f^G P/iojccr/of^ 


I'u; b.- Isoiiiot ric (Jrawinji; coinpured with iscuHetrif projoption. Frp. 0.— l.HOiiietrit’ drawing of a fK>x. 



scale the lengths o-a, o-b, and oi-Ci taken from the 
three orthographic views. From A, and C in the 
isometric, draw lines, respectively, parallel to the other 
two isometric lines until they intersect in pairs to 
outline the box. 

6. Box Method of Construction.—More complex 
objects can be made by first enclosing the orthographic 
views in a box (see Fig. 7a). This enclosing box is 
then constructed in isometric, and the various por¬ 
tions of the object are drawn in the box in their 
corresponding positions. Thus, the front of the 
object may be assumod to be in the left face of the 
isometric, as in Fig. 76; hence, the distance o-g and 
distances thereto may be measured up to 

tlsn Ijarallel thereto in the isometric. 

front to rear, such as o-n on the c^ect, 


Distances from right to left are measured along GO 
Distanceii from front to rear are measured along ON 
Distances from bottom to top are measured along OA 
In Fig. 7c, on the other hand, the orientation of the 
block is somewhat different. In tliis case, 

Distances from left to right are measured along GO 
Distances from front to rear arc measured along FP 
Distances from bottom to top are measured along GF 
Of the two \dews (76 and 7c), the one on the left, 
(76) is clearly the better in revealing the shape of the 
object. 

6. Plane Figures in Isometric.—Most solid objects 
have faces composed of plane geometric figures or 
combinations there<tf, such as the square, hexagmi, or 
circle. Such figures can be constructed by enclosing 
them in rectangles and then drawing the rectangles in 
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Fig. 9.- aiiuill Ijole.s in iHoinctiic. 


isometric, after Avhii^h tlui cornel's or chosen points on 
the fi^;ur(‘ can be located by a system of coordinates, 
as shown in Fiji;, 8. Thus, in Fiji;. 8a, the pentagon 
is first enclosed in a rectangle. This i’ec;tangl<^ may 
now be constructed in isometric as any one of the faces 
of a box. Distances, such as o-a and a-6, may then be 
transferred witli a scale or diAuder from the original 
view to the isometric view. 

Curves and circles may be drawn in a similar man¬ 
ner by drawing coordinates through a series of points 
chosen on the curves, as shown in Figs. 86 and c. The 
draftsman should become familiar with the appearimcc 
of circles in the various faces of the isometric so that 
errors, such as that shown in Fig. 9, are avoided. 
This sense of the fitness of figures lying in any plane 
should become intuitive. 

7. Circles by the Four-center Approximate Method. 

When a circle appears in a drawing unassociated with 
other tangent circles, it may be (juickly drawn by the 
lour-center method shown in Fig. 10. This con¬ 
struction is based upon the fact that a circle tangent 
to a straight line has its center on a perpendicular to 
the line at the point of tangeney. The circle is tan¬ 


gent to the s(|uare at the mid-point of tluj side; henc(‘, 
if we erect perpendiculars to the mid-points of the side 
of the isometric square, these perpendiculars will inter¬ 
sect to give the location of the centers of four cii'cular 
arcs, which ai'c tangent to each other and to the 
square. In isometric these perpendiculars intersect 
at the obtus(i corners A and C of the square and on the 
long diagonal at E and F. 





Fig, 10.—-Coti»ti‘uotio« of circles by the faiir-iO 0 nt€!fr approximate 
method. 
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8. Orth Method. —A second more accurate approxi¬ 
mate method devised by Prof. H. D. Orth, of the 
University of Wisconsin, is shown in Fig. 11. With 
centers at tlie ends of the long diagonals, swing arcs 
from the center of the sicie, cutting the long diagonal 
at a and h. dlirough these points, draw (>()-deg. lines 
to intersect the short diagonal extended at c and d, 
thus giving the foiu' centias of the approximat(‘ 
ellipse. 



Fjg. It.—Cij’clc* in i,sn'n(‘(iic i).v tin* Orth melhod. 


A comparison of this method with the true ellipse 
is shown in Fig. 12. 44i(‘ dash line rej)res(uits the so 

called four-center approxitnate metbod roferi‘<H'l to in 
the figure as the standard method, the solid line 
reprc'scnts the Ort h method, and t/he cent(‘r lim^ repre¬ 
sents the true ellipse. On a small scale, it would b(‘ 
difhcult to distinguish between the lat.ter method and 
the true ellipse inadt^ Avilli the customary drafting 
accuracy. 


may be applied except on very large circles where an 
irregular curve may be used to make the final juncture 
of the two curves at tangency. 

9. Solids with Nonisometric Lines.—Lines that 
are not parallel to any one of the isometric axes are 
called nonisometric, lines.Such lines are drawn by 
plotting each of their end points by means of three 
coordinates and then connecting these points. The 
truncated octagonal pyramid shown in Fig. 14 illus¬ 



trates tlu‘ m(4lu)d of const ruction. After the en(4os- 
ing l)ox has been constructed in isometric, the eight 
c.orners of the base may lx? locat.(‘d ]>y dire(‘t transha' 
of m<a‘tsurements from tlie top view. Points such as 
5 and (> on tlu^ truncated face are located by plotting, 
from the ])oint 0, thr(^e dimensions that are, respec¬ 
tively, at. right angkis to each other. The distance 
0-1 up t.o the left on the isometric represents tln^ 
distance Oi-li to the left in the front view. Th(‘ 
v(a'ti(^al distance 1-2 in the isometric represents 



Either of these approximate methods may be used if 
circles are tangent at the centers of the sidei^ of their 
enclosing squares, as shown in Fig. 13a. If they are 
tangent^at other points, however, the approximate 
methods will not work, since the ellipse varies from the 
true projection. With a little care the Orth method 


the corresponding distance up ]r2i in the front view. 
The distance 2-3 up to the right in tlic isometric 
represents the distance 2-5 shown in the top view, thus 
locating by three coordinates the point 3 within the 
box. Coordinates 0-4, 4-5, and 5-6, which locate 
point 6, have also been shown. 
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The same thing sometimes may be more quickly the projection of the truncated face in the side of the 

ai‘.complished by using what may be called the pro- box is obtained. From points 2, 5, 7, and 9, thus 

jection of the object on the side of the box, as shown in located, lines may be drawn parallel to the remaining 

Fig. 14c. This time the box has been made to enclose axis to intei*sect the sloping edges of the pyramid, thus 

the entire pyramid. Having the base laid out as determining the points in the truncated face. 



Fio, 14. ('<>nstrii<*ti(»n of M)li<!.s with uorji.souiotr lino.s. 




Pos/Y/on poor, D&Yo/Vs 

cancea/ec/. C/nnaYur'a/ pos/Y/on 



BesY pos/Y/on, 



Fiu. 16.—Choice of axes to show objorit to best advantage. 


before, the vertex can be quickly located in the center 
of the top of the box, and the edges of the pyramid can 
be drawn. Then the vertex can be projected to the 
uppei- left edge of the box, and the projection of the 
pyramid can he drawn as shown. By measuring 
OM and AN on the appropriate edges of the box, 


10. Position of Axes.—-Thus far, we have shown the 
objects with the isometric axes in only one position. 
Though it is possible to turn the object in a variety 
of positions with this set of axes, still greater flexibility 
may be obtained by using other positions of the axes, 
as shown in Pig. 16. Of these, the ^tositions in Kgs. 
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15a and 156 are most commonly used. Sometimes 
the detail on the bottom of an object is more impor¬ 
tant than the top. In such a case, the axes should be 
chosen as in Fig. 156. An object of this type is shown 
in Fig. 10, A pulley is shown in a variety of positions 



I'Ht. 17.-—Choii'.o 


through the object at regular intervals above the base. 
The planes cut points on the curves, which can be 
located in the corresponding planes in the isometric*, 
as shown in Fig. 18. It will be found expeditious to 
use the vert ical center line Of the two faces, since by 



•f jMisitioii of axes. 







Fig. 19.—Step» in constructing an isometric. 


in Fig. 17. The proper choice depends upon two 
factors: (1) the natural position of the object and (2) 
the purpose of the drawing. 

11. Three-dimensional Curves. —Mimy objects are 
composed in part of curves that do not lie in a single 
plane. Such curves must be determined by plotting 
selected points on the curve by their three} dimensions 
or coordinates. Figines 18 and 20 illustrate the 
constru^tiijMn applied to two different types of objects. 

In an object of the type shown in Fig. 18 the best 
proeedure will be to pass a series of cutting planes 


symmetry one setting of the divider can be used to 
locate two points. 

The steps in the procedure will be as follows: 

1. Draw' the orthographic views to the scale desired, 
as in Fig. 18. 

2. Enclose views in a rectangular box. 

3. Draw^ a series of regularly spaced cutting planes. 

4. Draw enclosing box in isometric, as in big. 19a. 

6. Draw^ simple parts in isometric, such as the top, 

bottom, and other parts that are in the faces of the 
box, as in Fig. 196. 
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6. Draw cutting planes ai*ound the visible faces of 
the box, as shown in Fig. 19r. 

7. Draw verli(^al center lines of the two visible 
fac(?s of the box. 

S. Transfer dimensions in a cutl^pg plane' systemati¬ 
cally from the orthographic views to the faces of the 
box, and project into the l)ox to locate points on the 
curve (see Figs. 18 and DV/). For example, to locate 
point- 3 on one of the curves in Fig. 18, step off the 
distan(‘e OrD with a divider, from the front view to 
the vertical axis in the isometric. Next stc'p off the 


paralhd to the corresponding linivs in the top face. 
At. the intersection of these lines with the vertical 
liiK^s from points 1 to 4 on the two circles in the top 
face, locate points on the curve, as shown in Fig. 206. 

12. Enveloping Curves,—On objects, such as those 
shown in Figs. 20 and 21, it is sometimes necessary to 
locate a curve that represents a contour of a surface 
not in a plane. In the jaw clut(4i, a series of cutting 
planes may be drawn, which will cut circles from the 
surfac(‘. These' circlt^s are then drawn lightly in 
isometi'ie, :ind a sinootli c\n’ve is drawn tang('nt to 



distance I 2-22 on tin* end view up to the left from 1 on 
the isometric, and finally transfer the distance 2i-3i 
from the front view up to the right from the point 2 
in the isometric, thus locating point 3 on the isometric 
of the curve. 

Every object presents problems that are peculiar to 
it. In Fig. 20, a set of helicad curves are shown. In 
plotting these curves it will be found advantageous to 
draw the circles representing the projections of these 
curves in the top face of the box and then divide the 
circles into the same number of equal parts, as show n 
in the orthographic top view^ If each tooth is divided 
ird.o four equal parts, the rise of the helix can be 
divided into the same numlw of parts. These points, 
1 to 4, can marked on the center Une^ and then a 
series of radial lines can be drawn from t^^ese points 


them, as sliown in Fig. 20. It is only necessary to 
draw' the arc representing the (extreme limits of the 
circle. 

The toms, showm in Fig. 21, illustrates another 
method of constructing an enveloping curve. Though 
this may appear laborious to the novice, it can be con¬ 
structed quickly by one w'ho can plot the coordinates 
of an ellipse in any rectangle. 

Thus, in Fig. 22, a circle has been divided into the 
customary 12 equal parts, with the 30-60 triangle. 
These points have been projected across to the vertical 
edge of the square, thus giving a series of horizontal 
divisions. The vertical lines can be obtained without 
further reference to the circle by drawing the diagonal 
of the square, because the intersection of this diagonal 
with the hori^sontal lines locates points in the verti*- 
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(^al lines. The intersection of corresponding lines 
locates points on the circle (see system in Fig. 8). 

Figure 21 now shows this timesaving device applied 
to the construction of the circles in the torus. This 


thereof, such as a return pipe Ixmd, is shown in Fig. 
23. This depends upon the fact that the isometih^ 
of a sphort' is a circle, and hence if we imagine tln^ 
torus to he filled with overlapping spheres, a series of 





Kkj. 21.—('otustruction of (MivolopinK curves for fnirviul 




r'lo, 22. (’oiistnu'tion t)f ciroU* or ellipse h\ eofodinates aud diagonal. 


scheme can be used to ach antage A\’h(‘rever it is neces¬ 
sary t(^ construct circh's or j)arts of circles by the 
(‘oordinate method. In the torus, the boundaries of 
each sfpiare are obtaiiu'd \)y plotting points obtained 



Fi«. 23.—Constr uction of torus witli onvclopod spheres. 

from the orthographic views. The procedure for all 
the other ellipses is the same as for the two shown. 

While 4he methods used in Figs. 20 and 21 will 
apply for any double curved surface a somewhat 
shorter method for drawing a torus, or any part 


cir(‘l(\s (*an ])e drau ri. Tli(‘ outlirie of the torus is 1h(*n 
drawn tangent t o tln^ (‘irelics. 

The first step in this piocedure is to draw th(^ 
isoimdric of ilu^ center lim^ of t he torus on which f he 
centcTs of the spheres would li(‘. Any method may !>(» 
used for this ])urpose. 4die size of tlie circle repnvsent - 
ing the splaue ma>^ lx* determined by drawing an 
approximat e. ellipse representing a section of the torus 
as slunvn ]>y the dotted ellipse in the figur(\ 
circle is tiu^n circumscribed about this ellipse. 

13. Center-line Method of Construction. —For cer¬ 
tain types of object,, a center-line method of construc¬ 
tion ma 3 ^ be used to advantage in lieu of the box 
method. Such objects are usually composed of a 
series of (H)axial circles joined by straight lines, as 
shown in Fig. 24. The center lines are laid out along 
isometric lines, and then the (urcles are drawn in 
the proper size and place by the usual four-center 
method. Figure 26 shows the various steps in making 
the construction. 

14. Sectional Views in Isometric.-' Sectional views 
may be drawn W’^hen it is desired to show interior 
construction. The cutting planes should always be 
isometric planes, as shown in Figs. 20 and 26a. An 
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isometric plane is any plane determined by two I'hree of the four centers are necessary. 'J’he centers 
intersecting isometric lines. for the first arcs can be laid out in the usual way, and 

section, as shown in Fig. 2{\b, is poor pracitice. then the remaining centers can be laid off at distances 

The crosshatching in the two parts should l)e drawn from the top representing the pitch of the thread. 



I’ KJ. 24, If^oriietrir by rtMiUM-Uno layout. 



Fig. 26.-^iStep8 in making a oenter-Jino layout. 



HO that, if the parts were revolved together/ the lines The construction is shown in large scale in Fig. 27a. 

would coincide^ as in Fig, 26a. Figure 26c is incorrect. Other examples are also shown in the figures. For 

16. Scre^r ^l^eads.—Screw threads can be repre- internal square threads, a section showing the thread 

s€mt.ed conventionally by a series of parallel circular profile helps to convey the correct intpression to mutch 

arcs. The faqr-center approximate method is used. better advantage (see Fig. 276). External square 
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threads do not show clearly in isometric. Dimetric and the third midway between the edges of a face 

projections give better results. on the chamfer circle (see Figs. 27a and 28a for 

16. Common Standard Parts. Washers ,—A com- illustration), 
mon washer is merely a very short cylinder with a hole Springs ,—The various steps in making an isomet ric 
in it and offers no problem. A lock washer may be of a square wire spring are shown in Fig. 286. For 

represented in its true helical form as shown above ordinary sizes the box method is best. The enclos- 

the hexagonal nut in Fig. 28 or in the more con- ing box may V)e drawn with the circles projected in 



I'k;. *27. Smcvv tlifcads in isoinotric*. 



Nut ALcck washer spring Button heaN Setscrew 

^ ^ /nacn/ne ^screiv 


2S.—IjtandHrd in iaometric. 

ventionalized form beneath. The conventionalized the sciuare end. The center lines and the diagonals 

form is circular in shape. A break can be made and divide the circle into eight parts. Next the longitudi- 

the ends curved up and down to look well to the eye. nal center line and the center lines of the four faces 

Thus may be done either freehand or with an irregular arc drawn, and then a series of points should be laid 

curve, as shown in Fig. 28. out on the (center line, spaced at a distance equal to 

Hexagon and Square Nuts ,—The nuts should first one-eighth the pitch apart. The outstanding contour 

be laid out by the box method. If the top is shown, of the spring should be drawn tangent to the ends of 

the changer circle should be drawn by the four-center the circlevS. Beginning at one end a series of radial 

mefchodyand then the curves in the faces maybe drawn lines are drawn from the successive points on the 

through three points, two of which are on the edges, center line to intersect the longitudinal lines at the 
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one-eighth points of the circle. A smooth curv(», 
representing the helix, may now be dt‘a\\7i through 
these points. It should, of course, be tangent to the 
outstanding contour line. The remaining helices to 



I'KJ. 29.—Sphf‘?*ir{il ol>jo(‘fs ill i.suinotric. 


represcait the other edges of tlu‘ squares wh o may now 
be drawn parallel to the fiist at theii- proper dist.aiUM^ 
from it, as shown in Fig. 28. For round wire, tlu' 


The construction may be carried out in the follow¬ 
ing manner: 

1. Draw the pitch circle by the coordinate method. 

2. Divide it (in the original (amstniction) into 12, 
It), or 24 equal parts, according to the number of 
teeth it is desired t o show, and draw their radial center 
lines. 

3. Draw the addendum and dtHiendum (*ircl(^s. 
ddiis can be done freehand wit h the usual aids. Note 
that the def)th of tootb on the major axis and that 
on the minor axis iia\ e the same relat ive proportions 
as th(‘ t wo axes tlaanseh^c^s. 

4. by eye, divide' the space bet.ween tlu' tooth center 
lines into four (Miual paits. From adjacent points on 
opposite sides of the tooth center line, draw radial 
line's from the pitedi circle to the' ele'elendum circle. 
Ce>mple‘te‘ the outer te)e)th curves freehand. 

5. Wlien e)ne' face e)f the' gear is ce)mpleTeel, the' e)the‘r 
may be e‘e)nst ?■uct eel by offsets ^^ it h a eli\ ielea'. 

Tlu'se' steq)s are she>wn in Fig. 30 fe)r a spur anel 
helie'al gear. Two ge'ars in me'sh are slie)wn in I'ig. 
31. A \^e)j‘ni ge'ar eloe'S ne)t show well in ise)metj‘ie*. 
Sea' construe*tie)n e)f weirtn ge'ar in dirne'trie* (Fig. 37). 




series of small ellipses, showing tlu; sectiem of the wire 
at each quarter turn, may be drawn in its enclosing 
box fn;ehand, and then the major outlines made 
tangent te) them and the outstanding elements of the 
enchasing cylinder, tjus shown in Fig. 28c. 

A buttonhead machine screw and a setscrenv are 
show'll in Fig. 28d. The buttonhead is an applicat ion 
of the sphere construction discussed in the next 
paragraph. 

17. Spheres and Other Curved Parts. —The iso¬ 
metric of a sphere is a true circle drawm tangent to 
the three isometric circles, as showm in Fig. 29u. The 
circle is larger than the sphere, Ix^cause this is an 
isometric drawing and not a true projection. An 
application of this constniction is shown in the band 
shell of Pig. 205. 

18. Gears. —Gears may be represented singly or in 
mesh by observing a few simple rules. Though it is 
usually not necessary to show tlu; exact number of 
teeth in a geax if two gears are to mesh, the number of 
teeth in each must correspond to a pair that would 
acituallv mesh. 


19. Lettering in Isometric.- -J^ettoring may be 
placed in ('uch of two positions for every face of an 
isometric cube, as illustrated in Fig. 32. Only the 



vertical style of lettering should l>e used. The letters 
should be made to lie in the isometric planes. One 
method of achieving this effect is to imagine the letters 
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to be enclosed in little isometric parallelograms, as 
shown in Fig. 32. It should be noted that the straight 
stems of all letters and the major axis of the ovals are 
always parallel to one of the isoim^tric axes. 



20. Dimensioning in Isometric.— 'I1n(‘e lines an* 
usually inv<)lv(‘(l in showing any dinKUision, Hiest^ 
are the two extension lines and tl\e dinnaision line 
extending ])etwe(‘n tlaun. It should be noti‘d, as a 
fundamental ruk;, that theses thre(*, lin(‘s must lie in 
the same plane, and that plane should always Ix^ an 
isometric plane, (''ornad and incon(*ct exarnph's are 
shown in Fig. 33. 

3die usual rules foi* dim(*nsioning should be a])plied 
insofar as it is possible* t.o flo s(-. 


an object is necessaiy, this statement is true, but the 
iiccurate interpretation of a dimensioned isometric is 
apparently impossil^k^ for some persons and difficult 
for others. 

Compared with other pictorial forms, isometric is 
simpl(‘ to construct, since the same scale is used on all 
three axes. It may be sc'aled and dimensioned readily. 
C'ii-cles can be drawn by the four-center approximate 
metbod, which is a great convenience and a timesaver, 
wJi(‘n (uii*<‘ful constriudion is essential. It is re^ison- 
ably flexible as to the position of the object, but not 
so f](*xible as some otlau* typixs of pictorial drawing. 

For cci'tain kinds of obj(‘cl,s it has a rathei’ unpleas¬ 
ant distortion, bong ol»j('(*ts having parallel outlines 
;ir(‘ in this class, because the eye is accustomed to 
s(‘('ing r(‘c(‘ding parallel lin(\s convei*ge. ddns does not 
occur in isometric. If tlu^ long dimension is made 
vertical, tb(‘ objection is removed. 

lsomi‘tj*i(‘ has a symmetry that makes it more or 
less useless for certain objects. In this group will fall 
those objec's having equal dimensions in two direc¬ 
tions as, for exampie, square and acme threads or a 
worm gear. Another type of obj(‘ct is shown in Fig. 
3‘b 

22. Dimetric and Trimetric Projections.—As tlu^ 
names indicaite, these two t-yp(‘s of axonometric 
proje(‘tion have diff(*rent. amounts of foreshoi’tening 
on tbe three axes. Dimet.rie lias the sarm^ foreshorten¬ 
ing on two axes and a dilTerent foreshortening on th(j 



Corre^cf 

r'lU. -Mimensioninji: in isoiuol ric. 


21. Advantages and Disadvantages of Isometric.— 

Because of its pictorial effect of representing an object ’ 
somewhat as it appears to the eye, it is assumed that 
an isometric drawing is easier for an untrained person 
to understand than is the usual two- or three-view 
drawing. When only a general notion of the shape of 


third axis; in trimotrie the foreshortening on all three 
axes is diffiuerit. 

23. Conventional Methods of Construction. -With 
certain ai bitrarily chosen axes and proper s(*ale ratios, 
di metrics may be made in a few" positions ly followdng 
the same methods of construction as in isometric. A 
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few of thevSe positions, with their corresponding scale 
ratios, are shown in Fig. 35. The real ratios of the two 
sides, to the nearest j je in., are shown in parenthesis. 
These are the foreshortenings of the true projections 
of a 1-in. cube. Though the scale ratios indicated 
make these drawings dimetrics, the angles given, 
except the first and last, arc not true dirnetiics. One 
disadvantage of the scheme, although not a serious 
one, is the necessity for two scales. A methcKl for 
making the conversion from one scale to the other 
on the orthographic views is shown in Fig. 3fi. A 
trimetric made in the conventi(3nal way would 
require the use of three scuilcs, which is entirely too 
cumbersome. 

24. Acme Threads, —Worm gears, square and acme 
threads do not show very well in isojuetrie, but they 
can be readily represented in dimetric, as shown in 
Fig. 37. Points are plottcnl in the usual w^ay for ont‘ 
tiirn of the thread, and then the remaining curves <^au 


be plott.ed by offsets from the first with dividers. In 
this case, the following steps are taken: 

1. Draw'' the addendum and dedendum circles in 
the end view. Enclose them in sejuares. 

2. Draw the sc|uares in dimetric, and plot the 
addendum and dedendum circles. 

3. Divide the cireJt^s into a numV)er of equal parts. 
In this case, eight divisions w^ere made. 

4. Lay out lightly the tooth protik* at the top and 
bottom exactly as in making an acme thread, single 
or double, as the (!ase may he. 

5. Starting at any one of the eight divisions, plot 
the points on one outside curve, advancing one-eighth 
of the pit(*h for each one-eighth turn. l’k)t the second 
curve at the top of tlu^ tooth ])y offsets from the first. 

(). Plot the root line in the same manner as for the 
top. 

7. All siKH'ceding curves are plotted from these three 
by olTsets parallel to the axis Uvsing a divider. 



CHAPTER VI 


AXONOMETRIC PROTECTION. EXACT METHOD 


1. Although satisfactory axonometric drawings may 
be made by the methods of the preceding chapter, 
they are in general approximations. Without special 
scales and other equipment, they are somewhat cum¬ 
bersome to make. In this chapter we shall explain a 
simple but theoretic^ally correct and exact method of 
making such projections. It applies with tHpial rigor 
and equal ease to all three forms of axonometric 
projection. Attention, how(*ver, will be given princi- 



1. - A diinetru* plane and projection. 


pally to dimetrics and trimetrics. For this construc¬ 
tion, any two of the usual three orthographic views 
may be used. The relationship between these views 
must be thoroughly understood. The method has 
complete flexibility and permits of making almost any 
view of the object from ordinary shop drawings. 

As mentioned in the preceding chapter, the axono¬ 
metric plane may make any angle with the three 
principal planes except zero and 90 deg. In Figs. 1 
and 2, two positions of the plane are shown with the 
orthographic projections of a hexagonal prism, repre¬ 
sented pictorially on all planes. In both figures, 
the axonometric plane ABC is assumed to l>e the 
plane of the page. Note that th(> outlines of the pro¬ 
jections in the horizontal, vertical, and profile planes 
ar(* parallel tO the throe coordinate axes OA, OB^ and 
OC. In the top view, of course, only two aides of the 
hexagon are parallel to OA . 


2. Geometrical Conditions. —It will be noted in 
Figs. 1 and 2 that the sides of the triangles ABC are 
perpendicular, rcspc(‘tiv(dy, to the three coordinate 
axes. Thus, OA is perpendicular to BCj OB is per¬ 
pendicular to A(\ and OC is perpendicular to AH. 
This is a fundamental condition, which must always 
be observed, because the following proposition in 
solid geometry holds. If three mutually perpendic¬ 
ular lines (the three coordinate axes) pass through 



Fi<i. 2. -A tiiruotiii* plane and projoetion. 


the corners of a triangle, the orthographic projection 
of their intersection (the origin of coordinates) on 
the plane of the triangle can have one and only one 
position. This point is the orthocenter of the triangle. 

The second proposition, taken from descriptive 
geometry, is the familiar one: if a line is perpendicular 
to a plane, the projections of the line are perpendicular 
to the corresponding traces (intersections) of the 
plane with //, F, and P. Thus, in Fig. 3, ab is 
perpendicular to MN as are also a'6 and a^b. 

The third proposition, also from descriptive 
geometry, is: if a point is revolved around a Une, it 
revolves in a plane perpendicular to the Une (see 
Fig. 3). The plane of A aba' is perpendicular to 
MN. 

Finally, we make use of a proposition in plane 
geometry: two chords drawn from the ends of a 
diameter to aiiy point on a circle make right angles 
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with ench other. This proposition is also illustrated 
in Fig. 3. 

3. Theory of Axonometric. - In Fig. 4 a single point 
D is shown in the third quadrant with its projections 
on //, F, and P and on the axonometric plane. (This 
figure has been distorted for clearness, since da 
should fall exactly over 7), that is, coincide with D in 




the drawing.) It will be noted that, if the V plane is 
revolved about AC int(; coiiuadence with the axono¬ 
metric plane AB(\ d' will move to </' and the line d[da 
will be a straight line at right angles to AC. In the 
same way, if the P plane is revolved about BC into 
coincidence with AB(\ d" revolves to c/'/ and th(* 
line is again a straight line at right angles to 


BC. A similar situation holds for the // projection. 
Clearly then, if we had the revolved positions of any 
two of the orthographic views, da could })e locat.ed at- 
the intersection of projecting lines drawn from these 
views. The position of the revoha^d oj'thographic 
views and the direction of the projecting line can read¬ 
ily l3e found as descril)e<l in thc^ following paragraphs. 



4.- 4Mu>(>ry of axonoiiiotric jjrojcotion. 


Revolved Posiium of Orthographic Views. —If the 
profile plane in Fig. 5a is revolved around the linc^ 
BC into the plane ABC (the plane of the page), the 
origin 0 will move out along OA (at right angles to BC) 
until the value of the angle BOrC l)ecomes a rigid- 
angle. This point can I)e located by drawing a semi¬ 
circle on BC as a diameter, as shown in the figure. 
The intersection of this semicircle with OA locates tlie 
revolved position of the point O,., and lines drawn 
from B and C to Or will at right angl(‘s to (^ach 



Fio. r).~“Ho<ation of pjriactipal planer into axonorooti-io plain*. 
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other. They represent the revolved position of the 
corresponding coordinate axes. 

The revolved position of the projection of the prism 
now appears at the unshaded position. It should be 
noted in particular that the edges of the prism are 
parallel to OrC and OrB, respectivelj^^ The same pro- 


the coordinate axes in proper order, as shown in Pig. 6, 
the axonometric projection is produced by their inter¬ 
section. Thus, if projecting lines are drawn from the 
revolved vertical projection parallel to OB (perpendic¬ 
ular to AC) until they intersect the corresponding 
projectors drawn from the profile view perpendicular 



cedure may now be applied t o the vertical plane and 
the projection on it, as shown in Fig. 5b, In Fig. 5c 
the horizontal plane has been revolved, showing two 
sides of the hexagon parallel to the edges of the planes. 

Direction of the Projecting IJnes ,—If now projecting 
lines are drawn from these revolved views parallel to 



to BC, the axonometric projection will ])e produced. 
In Fig. (>, proje(*.ting liiu^s have been drawn from all 
the thrive views. Obviously, in practice, only tw’o of 
the three views would be used. 

Location of the Axonometric View. —Fortunately, the 
revolved views need be definitely locateri in orienta¬ 
tion only. Clearly either view- of the two used for 
construction could be moved into any position on the 
paper so long as it remained parallel to its original 
position. This would not affect the result other than 
to change the location of the axonometric. Thus, in 
Fig. 7 the front view has been drawn in two places and 
the profile view in three different places, all of course 
in their proper orientation. View i with cither view 
3 or 4 would produce axonometric A, whereas view' 1 
and 5 would change the location of the axonometric 
to C. 

To make the axonometric fall at C it is only neces¬ 
sary to choose a point on the object such as 0 and 
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Fia. 8.—of view to ehow object to boat 
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draw two projecting lines from it in l,he proper direc¬ 
tion. View 1 is then located with o' tm the projecting 
line in its correct orientation and view 5 with o" on the 
projecting line for that \ncnN. 

4, Choice of View. - ''I'his method of construction 
]>ermits complete freedom of choice of the point from 
which the object is viewed. Any one of the three 
principal faces of an object may be emphasized by 



shifting the position of the axonometric plane, as 
shown in Fig. 8. If the top face is to be emphasized, 
one or both inclined axes should be turned up at a 
considerable angle with the horizontal, as in Fig. 86. 
Note, however, that in no case may any of the axes be 
at right angles, or less, to ea^^h other. 

If either side is to be emphasized, the axis parallel to 
that side should be brought closer to the horizontal 
(see Pigs. 86 and c). Note that in these views the 
ground Hne between the views slopes up to the left in 


one case and uf) to the right in th(» otlun*, thus shoe ing 
opposite ends of the ol)j(H*t in the finished drawing. 
In Fig. Hd the axis or ground lin(‘ between views has 
been miule vertical, thus standing the object on end. 
In all cases the correct relationship Ix^tween th(‘ oi tho- 
graphic views must be maintained. 

A bottom view may be obtainoid by drawing the axes 
as show n in Fig. 9a. Note that this requires the origi¬ 



nal top view’ to be traced and turned over to th(^ 
position shown. Compare with Fig. 8a. ilie same 
result could have been obtained by the simple' expedi¬ 
ent of revolving the horizontal plane upward instead 
of dowm, as shown in Fig. 96, but using the same 
position of axes as in Fig. 8. The other view is 
unchanged. 

6. Procedure. —'In making an axonometric, the pro¬ 
cedure listed by steps below may be followed. These 
successive steps are shown in Figs. H) to 15. 
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1. Make the orthographic views of the object to the 
scale desired, if they are not already available. In the 
case of circles or other curves, locate a series of equally 
spaced points on both views and lay in a coordinate 
system for them as shown in Figs. 10 and 16. 

2. Choose the three coordinate akes in such position 
that they will emphasize or reveal the face of the 




object desired. Draw them lightly with the origin 
near the center of the sheet. A thumbnail freehand 
sketch of the orthographic views may be made at one 
side, as shown in Fig. 11. This will aid in correctly 
orienting the views later. Note that the principal 
edges or outlines of the object will be parallel to these 
axes iivs will ^o the projecting lines. 

3. Choose the position of the view of the object. 
For example, the orthographic views can be so 


arranged that the object reveals either end, stands on 
its side or end, or shows the bottom, as illustrated in 
Figs. 8 and 9. 

4. Draw the three edges of the axonometric piano 
perpendicular to the coordinate axes chosen in step 2 
above. Draw the semicircle on the two sides chosen, 
and determine the orientation of the views, as shown 



in Fig. 12. To avoid having this construction over¬ 
lapping at the center of the sheet, the axes of rotation 
(edges of the axonometric plane) may be translated 
parallel to their original position at a convenient place 
on the paper, as shown in Fig. 13. 

f). Paste or tack the orthographic views on the 
board in such positions that the finished drawing will 
have the desired locatibn, as shown in Fig. 14. 

6. Proceed with the construction by drawing lines 
in from the corresponding projections of points in the 
two views, as illustrated in Fig. 15. 

7. Erase all construction lines, and make visible 
outlines heavy. Omit all hidden lines unless they are 
actually required for an interpretation of the drawing. 
Shade the view, if desired. 

It will be observed in Figs. 15 and 16 that the larger 
circles are located by plotting a series of points on 
them. Smaller circles can be drawn by locating the 
enclosing square a^nd its two center lines and then 
drawing the circles freehand or with an irregular 
curve. 
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A great deal of time can be saved in constructing 
Hxonometrics if the draftsman learns to think in three 
dimensions and begins to work directly in the axono- 
metric view itself. Thus in Fig. 16, which shows the 
intersection of two cylinders, it was possibles by work¬ 
ing directly in the axonometric to locate the line of 
intersection without finding it in the orthographic*, 
side view. The construction for a few points obtained 
by two cutting planes has l)een shown. 

6. Standard or Stock Axonometrics. —To facilitate 
the construedion of axonometrics the layouts shown in 
Figs. 17 to 19 have been made. Use of these stand¬ 
ards will obviate tlui necessity of making the con¬ 
struction to determine the orientation of the varioi\s 
views. 'l"he angles, where not of a convenient value 
like 15 deg., 50 deg., etc, have been specified by giving 
the tangent layout or run and rise. These values 
have been obtained graphically and are, therefore, 
approximate. They are sufliciently accurate*, how¬ 
ever, for all practical work. 

Figure 17 shows the layout for making an isom(‘tric. 
It is only necessary to place* the two orthographic 
views used in the position shown and projee*! in from 
them in the* proper elirectie)n, that is, vertically from 
the t()[) view, 30 deg. up to the right from the left view, 
or 30 deg. up to the le'ft from the vie*w em the right. 
The angle*s marke'd on the three face's of the* bloe*k in 
Figs. 17, 18, and 19 are the anglers that these fae*,e»s 
make* with the axonome'trie* plane*. 



ir». (\>rii|>lot(‘(i Mxoiiouirt l ie pi ion. 



Fig. 16.—lutersewtion of two cylinders found in trimetric. 



(>2 


JNDlfJSriiJAL FHODVVnON JLLrSTRATION 


The nearest complement of these angles, in 5- 
degree intervals, may be used to select the Lietz 
ellipse templates for drawing ellipses in the various 
faces. Thus for tlie trime^tric in Fig. 19 the 25-, 30-, 



Fici. 17,—-Layout of oithoKraphic view.s for isoinetric projection. 


and 50-deg. ellipses may be used (see lietz templates 
in Chap. XIV). 

Three convenient positions for dimetries are shown 
in Fig. 18. The position of the inclined axes may be 
interchanged by reversing the two views as though 
the drawing were viewed from the back side of tlu; 


page, thus giving additional positions. Tlu' vertical 
axis could also be made horizontal to provide further 
variety. 

Three convenient positions for trimetrics are shown 
in Fig. 19. Furth(u’ variations can be obtained by 
making any one of the thrc^e axes either vertic.al or 
horizontal and maintaining all relationships. 

7. Ellipses Representing Circles. -Cindes occurring 
in any one of the three principal faces oi an object, or 
in surfaces paralhd thereto, are represented by ellipses. 
Idiese may be made by plotting points as previously 
discussed, or the major and minor axes may Ix-^ deter¬ 
mined and the ellipse ('oiistructed by the four-center 
approximate method shown in Fig. 20. 

The method of determining the major and minor 
axes is shown in Fig. 21. The major axis is always 
parallel to the edge of the axonometric, plains used in 
making the layout, that is, the axis of revolution of 
t he coordinate plane. Note that this does not coincides 
with the diagonal of the scpiare emdosing the (drcl(‘ 
except in the case of isometric. The kmgth of tli(‘ 
major axis is always ecpial to the diameter of the (*ircl(‘ 
t o l>e shown. 

The minor axis is always at right angles to tlu' 
major axis, and its length is determined by finding the 
angle through whicli the principal plane has 1)een 
revolved to bring it into (^incidence with the axono- 
metric plane. Thus in Fig. 21, find Or in the? usual 
way by drawing a semicircle on AC as a diameter. 




Fill, 19.—Layout of ortbocraphic view« for uonvaiweat trimiptric projection. 
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AC gives the direction of the major axis since it is the 
axis of rotation of the plane AOC. To find the angle 
of rotation, draw an arc OrF of random length with 1) 
as a center and DOr as a radius. From 0 draw a line 
parallel to AC intersecting the arc OrF at E, Draw 
the line DE, The angle EDB is the required angle. 


21. Although not exact, they are sufficiently accurate 
for all practical purposes. P^’or ordinary work, these 
angles may l)e constructed with a good (mu. celluloid 
protractor. 

A more rapid UH'thod for making these ellipses by 
the aid of special equipment is discussed in Chap. XI\'. 



For tiny circle of a giv^en size, the minor axis may 
])e found l)y drawing the circle with D as a (tenter, as 
shown in Fig. 21. From the points G and J wiiere the 
line DE cuts the ciicle, drop perpendicadars to the 
line DB thus locating 11 and 7v, the ends of the minor 
axis. 



Fio, 21. Doterniining nmjor and minor uxew of ellipse. 


Once the angle EDB has been determined it could 
be drawn at any convenient place on the paper and 
the minor axis for any circle determined from it with¬ 
out cluttering up the area in which the drawing is to 
be made* 

The angle of inclination for each face of the iso¬ 
metric, dimetric, and trimetric has been shown on 
that face in Figs. 17 to 19, These values have been 
found graphically by a layout similar to that in Fig. 


Changimj Scale .— If the original orthographic vi(;ws 
are either too large or too small to make the pictorial 
'•iew desired, a change of scale may te accomplished 
by the simple device shown in Fig. 22. In this 
instance tlie sc^ale has been increased slightly. Obvi¬ 
ously the proportion must be the same in both views. 



Fia. 22.-“-ClmTiging Mcidc. 


8. Oblique Projection.-* An oblique projection, 
sometimes called a pseudo perspective, may be 
obtained by the method indicated in Fig. 23. No con¬ 
struction for position of views is required. Although 
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not theoretically correct, it serves a useful purpose 
within the limits indicated. 

9. Assembly Stacks. —The name assembly stack 
or ^'exploded view^^ is given to a drawing showing a 
machine or part thereof disassemblpd with the parts 



in their proper rtjlative position for })eing put together. 
They are used to show mec^hanics and others how 
parts may be taken apart, and put together again. 
Notes of instruction are added to the \’iews where 
necessary. 

The method of constructing such an assembly 
stack in trimetric by the exact method is shown in 


Fig. 24. Only enough of the construction lines have 
been shown to make the method clear. Ordinary 
shop drawings can be tacked on the board in the 
required positions, thus saving time in making the 
orthographic views. The large circles were plotted 
by coordinates. 

Many smaller details can be made freehand once 
their position has been found. The purpose of the 
drawing will determine the degree of instrumental 
work required and the shading or other finish. A 
highly finished assembly stack from the automotive 
industry is shown in Fig. 25. 

10. Advantages and Disadvantages of Dimetric 
and Trimetric. —Witli the exact method of construc¬ 
tion, dimetrics and trimetrics can be used in place of 
perspectives in many situations. They are much 
simpler to construct and can be made more rapidly. 
If lu^cessary they can be scaled with special s(^ales, 
an impossibility with perspective. 

Dimetrics and trimef.rics do not show so much dis¬ 
tortion as isometric and allow of completci freedom in 
the choice of point of view. In general they will not 
have the overlapping of visible outlines due to symme¬ 
try that is so common in isometric. 

Except for very large or long objects, where dis¬ 
tortion would occur, these forms are recomm(UKl(*d 
for shop production drawings when speed and accurac^y 
arc desired rather than a highly finishcHl appearance. 

A judicious combination of instrument and freehand 
work makes for both speed and accuracy in the pro¬ 
duction of thesi? illustrations from sh(^p drawings. 



WASHER 




Via. 25. 


A woH-reiiclorod atisembly stack. 
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AXONOMETRIC SKETCHING 


1 . For many purposes, including some phases' of 
production illustration and illustrations for service 
departments, accurate, well-made freehand axono- 
metric sketches serve as well as drawings made with 
instalments. Such sketches may be made much more 
rapidly than instaimental drawings. Frequently the 
major outlines may be made with instruments on an 
accurate theoretical basis, and the details may then 


must be made from the existing oliject or from a 
model. In the present chapter, however, we shall 
discuss the making of axonometric sketches from the 
working drawing. 

2. Sketch Strokes.- -Fot* methods of making sketch 
strokes, the reader is referred to (3hap. IV. The 
same style of lines are used as in orthographic 
sketching. 






O/mefr^/c and 


7n/rr?^/n/c 


Fig. 1.—Convonieut powilions of the axonoinotric axes. 




be sketched in freehand. The method to use will 
depend upon the situation. 

In engineering work pictorial sketches may be 
required under two different conditions. In the one 
case a pictorial sketch is reiptired before tlie object is 
made. It is then necessary to sketch from shop or 
working drawings of the object with a degree of 
accuracy suitable for the purpose of the sketch. 
Sometimes it is necessary to make such a sketch even 
before worMng drawings are made. In this ease the 
draftsman naiuSt have a clear mental image of the 
object he proposes to make. In other cases the sketch 


3. Sketching Plane Figures.—For sketching in 
axonometric form the draftsman must be able to 
.sketch, with considerable accuracy, angles of 30, 45, 
and (10 deg. to the horizontal. Since the freehand 
sketch may be an isometric, dimetric, or trimetric, 
the three axes may have any position relative to each 
other except 00 deg., as shown in Fig. 1. 

In axonometrics the square and rectangle are basic 
figures that become parallelograms with their sides 
parallel to the axonometric axes, as shovtn in Fig. 2. 
Other plane figures are most easily constructed by 
enclosing them ih rectangles and proportioning them 
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accordingly. A series of the more common plane enclosing square (see Fig. 3). These ellipses are best 
figures that occur in drawing is shown in Figs. 2 and drawn by using the short sketc.h stroke. 

3 In general it may lx> said that the figuri^s are 4. Solids. Prii^ms and Cylinders .—Sketching of 

drawn by plotting coordinates by eye. Again, it prisms and cylinders recpiires that the draftsman be 

should be noted that the corners of the hexagon may able to sketch parallel lines in any direction. Th(^ 

\yQ located by dividing one diagonal into four equal tendency to make the lines converge as in perspective 



I'uj. .‘i. Sk<'t«“liinn ii' axononiotnc. 



H’la. 4.—Sketching: KWinotric nolids. 



Fio. 5.—Sketching circular holoH. 


parts and sketching in lines parallel to the sides of the should Iw avoided if a true axonometric is desired, 

parallelogram whose sides have a ratio of approxi- Since axonometric is a form of orthographic projection, 

mately 6 to 6. it should be remembered that the projections of paral- 

It should also be noted that, in the case of circles in lei lines are always parallel. Prisms and cylinders in 

isometric, the major axis is on the long diagonal of the various positions are shown in Fig. 4. It should be 

square. In dimetrics and trimetrics the major axis noted that, on any cylinder, however short, there are 

of the ellipse representing a circle is perpendiculai- lines tangent to the end circles. There ia a tendency 

to the th^ of the coordinate axes instead of on for the novice to overlook these lines, 

the diagonal of the squaare. In all cases, of course, the Cylindrical ffdes .—Cylindrical holes require some 
ellipse is tangent to the mid**point of the side of the care. In many cases the bottom of the hole does not 
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show through, and hence only one ellipBe is necessary. 
Where the bottom does show, however, care must be 
taken to have the bottom curve parallel to the top 
(!urve and the axis of the hole in its proper position, as 
shown in Fig. 5. The invisil^le portion has been 




drawn to show the relationship oi’ the two cui viis, but 
in a finished sketch only t he visible porti<m is allow<‘d 
to remain. 

6. Blocking Out the Sketch. —As in instrumental 
drawing, two general methods of blocking out the 
sketch may be used. Foi* most objects the box 
method is better, but in a few cases the center-line 
scheme is quite satisfactory. 

Box Method .—Imagine the object to be enclosed in 
a box, and then sketch the box in the axonometrii; posi¬ 
tion desired to show prominently the most important 
face of the object. Next draw the necessary (Huiter 
lines, and block out, in their correct proportion, tlui 


smaller units and details. The general procedure is 
illustrated in Fig. 6. 

Center-line Method .—This is the most useful in lay¬ 
ing out parts having coaxial cylindrical parts with 
only one or two parallel axes, as shown in Fig. 7. 



J' Ki. 10. Sketcliin*? a wjirpc'ri yurfiice. 


Here the foundation of proportioning lies in the pr oper 
locathrn of the center of t he successive circles. 

6. Lines Perpendicular to Inclined Faces.—For tlie 
most part the faces of olijects ai*e at right angles to 
each (>th( 0 ‘, but in some instances one face may b(‘ 
inclin(;d to two of the other facies and perpendicular' 
to the third, as shown in the object of Fig. 8a. Such 
iiiclined faces van b(^ l)lo(*ked out in the usual manner, 
as shown in Fig. 86. The most difficult part of such 
sketches is to get the edges perpendicular to the 
inclined face in theii' proper position. No fixed rul(^ 
can be given except that of car'eful and accurate pro- 
jiortionihg and obs(*rvation of models, which will giver 
one a correct sense of the position of these lines. The 
compk'te sketching of the top and bottom circles of 
holes will be the greatest aid in obtaining the correct 
position of the visible part. 

A second illustration involving an intersection is 
shown in f'ig. 9. Points on the curve of intersection 
may be found by drawing elements of the two cylinders 
that lie in a single plane. Thus plane ABC contains 
the element 1 on the lar ger cylinder and the elements 2 
and 3 on the smaller cylinder, which intersect to 
locate the two points m and ri. The method of 
selecting elements in a single plane is also shown. 
Familiarity with various types of intersections is of 
gi'cat help in making such sketches. 

The blocking out of a w^arped surface is shown in 
Fig. 10. A little line shading helps to bring out the 
tw ist in the sui’faci'. 






CHAPTER VTIT 

OBLIQUE PROJECTION 


1. Introduction.—In orthographic and axonometric 
projection, discussed in the preceding chapters, the 
projection lines were always at right angles to the 
plane of projection. As its name signifies, oblicjiie 
projection difhu’s from the others in the fact that the 
projecting lines are inclined to tlu^ plane of projection 
(s(*e Fig. 1). 



2. Theory of Oblique Projection. Poaition of Ohjvci. 
While the oliject could conceivably have any position 
and be projected obliquely upon a plane, from a 
practical point of view it is always placed with its 
most important face parallel to the plane of projection. 
In other words, the object is considered to be in the 
position normally used for orthographic projection. 

Projecting Lines .—The projecting lines may make 
any angle except 90 deg. with the plane of projection. 
This plane is usually considered to be the vertical 
plane and is hereafter sometimes referred to as the 
‘‘picture plane.” The projecting lines are parallel to 
each other, and hem^e the point of sight may be said 
to be at infinity. 

The Projection .—Under these conditions, certain 
things that occur in the projection can be shown to 
be true by the laws of solid geometry. Since the 
projecting lines are parallel, any lines on the object 
that are parallel to the picture plane are projected in 
their true length and also in their true relationship to 
each other, except when this relationship involves 
distances perpendicular to the picture plane. Hence 
any face of the object that is parallel to the picture 
plane projects in its true shape just as in orthographic 
projection. 

This can be demonstrated from the following 


proposition in solid geometry. If a plane is passed 
through a prism or cylinder parallel to its base, the 
plane ruts a sindion identical with the base. Thus, 
in oblicpie projection, if lines of sight should be drawn 
from every point on the perimeter of the face of an 
object that is parallel t.o the vertical plane, these lines 





would form either a prism or a cylinder and their inter¬ 
section with the vertical plane would be identical with 
the face of the object. This is true, not only of the 
front face of an object, but for any face or section that 
is parallel to the vertical or picture plane. 

In I'ig. 1, it will be noted that two of the three 
edges of the rectangular block show in the pictorial 
at right angles to each other and likewise two of 
the three center lines of the cylinder. In oblique pro¬ 
jection, the edges of the box or the center linos of the 
cylinder are spoken of as the three axe^. 

3. Position of the Axes.—In the preceding para¬ 
graph, it has been shown that two of the three axes 
must always be at right angles to each other. The 
position of the third axis, as well as its length, is 
determined by the direction of the projecting lines. 
The third axis is the oblique projection of a line, which 
is perpendicular to the picture plane as A J5 in Fig. 2. 

Thus, in Fig, 2, the lines with arrows represent 
projecting lines, all of which make the same angle 
with the plane CDEF. The end B is, i^ the plane and 
hence is its own projection. The end A may be 
projected anywhere on the circuralereuce of the circle, 
which is in iteality the base of a cone with AB m 
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an axis. The position of the projection AoB will 
depend upon the direction of the projecting line, but 
the length will depend only upon the angle that the 
projecting line makes with the picture plane. This 
distinction should be clearly grasped. 

Thus, with the projecting line making any specified 
angle with the picture plane, the projection of AB 
would be of a definite length equal to the radius of 
the base of the cone, but its position might be straight 


usualty called, thus giving rise to several kinds of 
obli(jue projections. 

Cavalier Projection ,—When the projecting lines 
make 45 deg. with the plane of projection, as shown in 
Fig. 3a, the perpendicular .4/^ projects in its true 
length. Now, since lines parallel to the picture plane 
also project in their true length, the same scale may 
be used on all three axes just as in isometric. This 
type of oblique projection is called a ‘‘cavalier 



,1 —Kelat.ion of {Uik 1<‘ of ]>r()j«*ction to H<;alo on rocoding axia. 



Fiti. 4.—-Cavulior drawing of a oubo. 


up, straight down, horizontally to the right or to the 
left or at any angle between these positions, as sho%vn 
by the various lines in the base of the cone in Fig. 2. 

Thus, it should be clear that, regardless of what 
angle the projecting line makes with the plane of pro¬ 
jection, the position of the third axis may be chosen at 
any angle wth the other two axes. 

4 Types of Oblique Projection. —While the posi¬ 
tion of the third axis may be arbitrarily (;hosen, its 
length depends upon the angle tjiat the projecting line 
makes with the plane of projection, as shown pictori- 
ally in This length determines the scale that 

may be nsed on the third, or receding, axis, as it is 


projection.’^ In Fig. 4, a cube is shown in cavalier 
projection in three different positions. Note that, 
although the receding axis is in different positions, its 
length is always the same as that of the two front 
edges or axes. 

Cabinet Drawing.~li the projecting line makes an 
angle of 63°2(V with the plane of projection, as shown 
in Fig. 3d, the projection of the perpendicular line 
AB is just one-half its true length. Hence, the scale, 
which may bo used on the receding axis, is just half 
that used on the front edges, which still project in 
their true length. This type of projection is called a 
“cabinet projection.’’ In Fig. 6, a cube is shown in 
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four different positions in cabinet projection. Again, 
while the receding edge may have any angle, its length 
i.s always just one-half that on the front edges. 

General Oblique ,—When the projecting lines make 
other angles with the plane of projection, as shown 


tion. The lines of sight, indicated by arrows, are 
drawn from every point on the object. These lines of 
sight are parallel to each other, and all make the same 
angle with the picture plane. By connecting the points 
where these lines pierce the picture plane, the oblicpu^ 



Fiti. 5.—('abinet driiwiiiK of ji (rul)e. 



in Figs. 3i> and c, the perpendicular AB is for<i- 
shurtened by other amounts. The angles for a three- 
fourths and five-eighths foreshortening are shown in 
t he figure. Such projections are referred to simply as 
oblique projections, since they have no special name. 

6. Theoretical Construction. —Figure I illustrates 
pictorially the method of obtaining an oblifiue projec- 


projection is obtained. The method of obtaining the 
oblique projection from the orthographic projection is 
illustrated in Fig. 6. The procedure is as follows. 
Draw the top and front views of the object, leaving 
considerable space between them. Place the ground 
line, representing the edgewise view of the vertical 
plane, at tte desired distance in fremt of the object. 
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From every corner of the object draw the lines of 
sight in both the front and top views. From the 
point V where the horizontal projection of the line of 
sight crosses the ground line, project vertically to the 
front view of the same line of sight to get Vi. This 
intersection will bo the point where the line of sight 
pierces the picture plane and, consequently, one point 
on the oblique projection. Other piercing points may 
be obtained in the same manner and may t.hen be 
connected in the proper order to give tlu^ oblicpu^ 
{)rojec.tion. Hy this mi^thod, the oblicjue project ion 
of any object with the line of sight- in any assigned 
position could be oi)tained. 

The same oblifiiu^ projection may be obtained by 
using the top and side views of the object-s. From th(‘ 
place where the side vic^w of a liiu^ of sight crosses iht) 
verti(;al ground line at project horizontally t-o a 
point directly below r, and the same is obtained. 
By i-t^peating this with (^very line of sight, all the points 
on the olilique projections may be obtained. 

6. Conventional Construction of Rectangular 
Solid.— In making the drawing, it is not necessary 
to think about the angle of ])rojection, since this is 
automatically taken care of by choosing the desired 
scales for the front- face anvl the receding axis. 

Figure 7 shows the orthographic projections of an 
object that is to be drawn in ob]i(iue. It is rightside 
up, as shown in the orthographic, and the front- face is 



appearance, the receding axis should be di'awn to a 
reduced scale. The amount of this redu(*tion will 
depend to a certain (extent upon c.onA^enience and upon 
the s(^ales availabl(\ So, for t his drawing, tlu^ scale on 



Fk;. 7.— projocti(m,s of 


the front face will lx* 1 in. - I in. and on the rec(‘ding 
uxis t hi. = 1 in. Wluui tlu‘ position of the axis and 
the seah^s have been ehost'n, tlu‘ a arious steps in lay¬ 
ing out tlu‘ oblu]ue projections aie as given in Fig. 8. 




Fig. S.— Stops in mtikiug an oblique projoetioti. 


the most important. Since the hole is in the side, it Draw first the horizontal, vertical, and receding axes, 

will be better to show more of that face than the top. as shown in Fig. 8a, measuring the over-all dimensions 

Therefore, the receding axis should be at an angle of on each to the proper scale. A box enclosing the 

30 deg. fr^ the horizontal, since 30-deg. angles are entire object may now l>e drawn with these measure- 

<sa8ily drawn with the triangle. To improve the ments, as in Fig. 86. The details can be addwl one 
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at a time, starting with the slot on the top and making 
the measurements as indicated in Fig. 8c. Other 
details follow, as in Fig. 8d. It should be emphasized 
that measuiernents along the receding axis arc made 
with a ;^ 4 -in. scale. Figure 8c shows the (H)mpleted 
drawing with construction lines removed and lines 
made the proper weight. 

7. Coordinate Method of Constructing a Circle.— 

The best method of showing circles in ot)li(iue is to 


the orthographic circle is divided into equal parts, 
and these points are projected to the edge of the cir¬ 
cumscribing scpiare and then parallel to the receding 
axis. At the points where these horizontal lines 
cross the diagonal, vertical projecting lines are draw n 
to intersect the horizontal lines in points on the ellipses 
(see Fig. 9a). Another method that is convenient 
w^hen the orthographic projection of the circle cannot 
be drawn adjacent to the oblique is illustrated in Fig. 



Fi(i. 9.—Coordinate rnetho<l of construc'tiiip: a circle in an ob!i<jne plane. 



have them parallel to tin* picture plane so that they 
will show as circles. It is frequently impossible to 
have all the circles in the front face; consequently, the 
draftsman must be able to find the oblique projection 
of a circle or curve w hen it aj)pcars in a receding face. 
The accurate construction is accomplished by 
transferring coordinates from an orthographic pro¬ 
jection to the oblique. Since several variations in 
methods of construction arc available, the proper one 
to use will depend upon the conditions of the problem. 
When the orthographic projection can he drawn 
adjacent to the oblique, as in Fig. 9a, tho diagonal 
method, as disoussed in paragraph 12, V, is 

probably the and most rapid. In this method, 


96. In this method, the diameter of the circle is 
divided into a certain number of equal parts in both 
the orthographic and oblique. sure to make the 
division on the receding diameter in oblique so that 
the foreshortening is taken care of by the difference 
in the size of the divisions. The distances from the 
center line to the circle are then transferred by means 
of dividers from the orthographic to the oblique. 
Each distance, such as x in Fig. 96, can be laid off in 
four places. When the points have been located, they 
can be connected by use of an irregular curve. 

8. FouT-centar Method of Constructing a Cirde.r-- 
In cavalier projection a circle in an oblique plane may 
be drawn by the four-center method, which gives an 
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approximate ellipse. After the square circumscribing 
the circle has been drawn in the oblique plane, per¬ 
pendicular bisectors of each side m\ist be erected, as 
in Fig, 10. The points of intersection of the l>isectors 
give the centers of the four arcs that make up the 
approximate ellipse. Using A as a center and radius 
AB, draw an arc from B to C; then, usiiig D as a 
center and a radius D(\ di aw the arc CE. This gives 
one-half of the ellipse, and the other half is drawn in 
the same manner, using the other two centers. This 
result is satisfactory when the circle represents a 
drilled hole or any detail where the circle stands alone. 
However, if a line must be drawn from some o\itside 
point tangent to the circle, the four-center method 
may not give the correct location of the line. If two 
circles are to be tangent to each other, the four-center 
method is usually not possible, because when drawn 
lhat way they might overlap or fail to toiu'.h. In 
these cases the coordinate method should be used. 

The four points that lie at tlie mid-points of the 
sides of the square are the only points on the four- 
center elli])se that are acaairate. If a tangency should 
come at one of these points, it is possible to \ise the 
four-center method, although it may not be advisa¬ 
ble. The four-center method can be used only in 




J' lG n.—Orthofiraphic* piojcctiofis of .slidt*. 


cavalier projection w'hen the scale of the receding 
axis is the same as the front face. 

9. Construction of a Solid from Center Lines. .To 

<l;*aw the oblique of an object, such as that shown in 
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Kig. 11, (juite a few circles must be drawn. This lines in Fig. \2d shows how one point is obtained, 

drawing can be laid out from the enclosing box, as Figure 12c shows the completed drawing, 

was done for the rectangular solid in Fig. 7, but a more 10. Construction of Objects with Three-dimen- 

(H)nvenient method would be to w ork from a center- sional Curves.— Frequently it is necessary to draw 
line layout. After deciding the positk)n of the object, the projections of objects having curves that do not 

the direction of the receding axis, and the scales of the lie in one of the obli(|ue planes. Su(!h an object is 

front face and of the receding axis, the main ctmter represented in Fig. 13a. To show^ the cuiwed edges 

lines can be drawn as in Fig. 12a. Next, center of the sides of this piece reciuires the plotting of a 



(o) (b) 


Kiu 1 .S.— 




Fi«. 14.- Inters<»rti{)ii of 1 wo <•> iindei’H. 


lines for the other circles and cylinders can be 
laid out to scale, as shown in Fig. 126. The circles 
that are parallel to the picture plane can then be 
drawn, using the centers located in Fig. 12a, and con¬ 
necting lines drawn to form the cylinders illustrated in 
Fig. 12c. Next, the circles on the oblique planes can 
be drawn by one of the methods previously explained 
and the tangent lines drawn to form the desired cyUn- 
<ler. The intersection of the two cylinders can be 
forined by passing horizontal planes thrpu^ the two 
cylinders to determine the point where two elements 
intersect. The horizontal plane shown dotted 


series of points, as shown in Fig. 136. The points can 
be plotted from the edges of the enclosing box, but 
time usually can be saved if a center line of symmetry 
is available, such as the center line of the front view 
in Fig. 13o. By locating this center line on the front 
face of the object in Fig. 136, vertical distances may 
be laid off to locate points 1 to 5. From the side 
view, the draftsman can obtain the distance that each 
point lies behind the front face. These distances can 
then be projected on a reduction chart, such as that 
shown in Fig. 13c, to give the desired measurements. 
The reduced distances are measured parallel to the 
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receding axis from points 1 to 5 to give points 1' to 5' in 
the obliciue. Distances right or left of the center line 
show in the front view of Fig. 13a and may be laid off 
either side of points 1' to 5' in the oblique to give th(^ 
points on the curve. Any space cuiwe may be laid 
out in this manner, but it is important to remember 
that one measurement must be made parallel to eacih 
axis to locate the projection of the point. The order 


are perpendicular to the picture plane and cut circles 
from the object, which project as ellipses. Theses 
ellipse's are plotted by the coordinate method. In 
a drawing of this kind the appearance may be improved 
by making the receding axis vertical, as shown in 
Fig. 15c. 

Tlui construction is easier and faster if the object can 
be set up so that the cutting planes are parallel to the 



Fi<i. ir>,— Obliniio projtjction by tho onv€*lo|)<* motliod. 


Fia. 16.—Oblique projection by the envelope method. 




of making these measurements depends on expediency. 
The curve at the right rear can be obtained by laying 
off the proper distances along the receding axis from 
the center curve. Figure 14 shows another example of 
a space curve, 

11. Envelope of Curves. —Double curved surfaces 
may be shown in oblique, but usually the construction 
requires the use of a series of cutting planes. The 
intersections of these cutting planes are plotted in 
oblique, and the envelope enclosing all these inter¬ 
sections gives the outstanding contour of the object. 
This is illustrated in Fig. 16, where the section planes 


picture plane. In that case, the circles will project 
as circles, as in Fig. lb. The envelope of these circles 
gives the oblique projection of the object. 

Sometimes the cutting planes must be passed so 
that they are not parallel to the principal planes. 
Figure 17 shows how this construction can l>e made. 
In this figure the cutting planes are radial, and only 
one is shown. Plane ABCD cuts a circle from the 
object which projects as an ellipse. The diagonal 
method has been used to construct the ellipse by 
projecting from the circle that is parallel to the front 
face. 
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12. Sectioning.' —The inside of an object may l>e 
shown in oblique by cutting away part of the object 
by section planes or by a rough break. The part that 
is cut should be section lined in such a way that the 



Fio. 17.—Oblique projection by the envelope method. 


lines would coincide if the two sectioned planes were 
brought together, ('are must be used in the choice of 
section planes so that the best results may be obtained. 
In general, avoid cutting planes that will show edge- 


13. Fasteners. —In assembly drawings it is fre¬ 
quently necessary to show such objects as bolts, 
screws, rivets, springs, conveyers, and gears in oldique. 
Often these items arc on such a small scale that a go(xl 



sketch will be as satisfactory as an actual mechanical 
oblique. To make a good ski^tch the di'aftsman must 
have some knowledge of the appearance of the piece. 
For that reason he should have made these items on a 
large scale and in various positions. A few^ typical 
examples are showm in Figs. 19 and 20. Any one of 




wise in the oblique or that will leave edge iittes coin¬ 
ciding with souae line of the object behipd the flection 
plane. Figure 18 shows an object sectioned in 
oblique. / 


these may be drawn by application of the principles 
stated in the previous paragraphs. 

The conveyer (Fig. 21) is an application of the 
space curve di^cusflod in paragraph 10. After the 
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first turn has been plotted, the other turns may be 
obtained by measuring pitch distances along the reced- 
ing axis, from points on the first turn. The helical 
curves on threads, (conveyers, etc., can be plotted 
without the use of the orthographic if tlic pitch is 
known. Figure 21 shows the circle divided into 12 


7<) 

equal parts, and from these points distances can l)e 
laid off parallel to the receding axis. These distances 
increase each time by an amount equal to one-twelfth 
of the pitch. Hie helical gear shown in two positions 
in Fig. 22 gives another* illustration of the use of space 
curves. 






Fig. 20.—OblFiiu* pro.it‘<*lions of cajj s(!rcws. 


Fig. 21.— Oblique projection of spiral conveyer. 




Fio. 22.—Oblique projection of helical Rear®. 


80 


INDUSTRIAL PRODUCTION ILLUSTRATION 


14. Lettering and Dimensioning.—There are a few 
rules tliat must l)e followed in putting dimensions or 
lettering on an oblique drawing. 

1. The letters or figures must lie on one of the 
principal planes. This is done by m&king the letters 
lie in a parallelogram whose sides are parallel t.o the 
axes of the face. Figure 23 shows how the letters 
should be made so that they will appear to lie in the 
proper plane. 


desirable and also makes the construction easier and 
faster than axonomctric.. 

2. The receding axis may be foreshortened, thus 
relieving distortion. 

3. The wide range of position for the receding axis 
gives an advantage, which can be matched in axono- 
mctric only by trimetric. 

In choosing the amount of foreshortening, common 
practice has given us certain limits which it is advisa- 



J'lG. 2.’r"" LotteriiiK in ohliqno. 




2. Witness lines and dimension lines must lie in 
the same plane and are made parallel to the principal 
axes (see Fig. 24). 

3. Dimension the front face wherever possible, 

4. Dimension visible faces. 

5. Dimensions should read from one point. Note 
how the witness lines for the 7j/^-in. dimension have 
been brought out so that the dimension will show in 
the proper plane. 

In lettering on an oblique face, the guidelines should 
he parallel to one axis and the steins of the letters 
parallel to the other axis. 

15. General Characteristics of Oblique. —Oblique 
projection has several characteristics that make it 
desirable fbr certain kinds of objects. In general it 
has the following advantages: 

1. One face elbows true shape, which is sometimes 


bit* to follow. For ease of construction, cavalier 
drawing comes first, but the distortion is very apparent 
in this type. For that reason the angle of projection 
should not l>e less than 45 deg. In cabinet drawing 
the foreshortening of one-half is probably as much as is 
desirable to avoid unnatural appearance. Therefore, 
the best results are usually obtained by keeping the 
projection angle between 45 deg, and 63®26', that is, 
the scale of the receding axis should not be less than 
one-half that of the front face or greater than the scale 
of the front face. 

For convenience of drawing and good appearance, 
the direction of the receding axis is usually taken as 
30, 45, or 60 deg. with the horizontal These angles 
may be laid out either to the right or left or 
above or below the horizontal, depending on the view 
desired, ^ 
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To determine this position of the receding axis, the 
draftsman must study the object with the idea of 
determining the value of the various faces. The most 
important or most irregular should be c.hosen as the 
front face. If the top face is secondary in value, the 
receding axis should be made at an angle of 00 deg. 
with the horizontal, while 30 deg. should be used if 
the side face is second in importance. If top and side 


are about of ecpial value, the receding axis can Ix^ mad(^ 
at 45 deg. with t he horizontal. 

One important disadvantage of obli(iu(‘ is that 
cylinders do not show' corn^ctly unless the circadar 
base is made parallel to the picture plane. When the 
bases are in an oblicjue plane, the major axis of the 
ellipse does not show perpendicular to the Jixis of 
the cylinder as it would normally appear. 



Fia. 26 .—Disasuembled aQd assembled views of eccentric. 
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All these things should be considered ]3y the drafts¬ 
man before deciding the kind of projection to be used. 

16. Production Illustration for Assembling.—A 
very important use of pictorial drawing, which has 
come into prominence recently, is as an aid in con¬ 
struction and assembly. When several pieces fit 


bled. For certain types of objects, oblique projec¬ 
tion is peculiarly adapted to tliis kind of drawing. 
The fact that the receding axis may be drawn in any 
dire(ttion enables the draftsman to conserve space by 
taking advantage of the shape of the object. Fre¬ 
quently vertical or horizontal stacks are desired, and, 



Fio. 27.-- Di»a«Menibleri and aaneinblt^d vipwK of hnngc^r. 


together in an assembly, a pictorial dramng of each 
individual piece is made, showing its relation to the 
other pieces and the exact order of assembling as well 
as the position in which all parts must be held to put 
them together. Figure 25a shows an assembly 
stack for a part- of a roller chain. Each piece is shown 
in its proper order and on the proper center lines, so 
that anyone could take the pieces and put them 
together, even if he could not read the working 
drawings. Figure 256 shows the same piece assem¬ 


since the oblique projection has both a horizontal and 
a vertical axis, it is possible to extend the assembly 
either way. The ease of making oblique drawings 
must also be emphasized when a large number of 
drawings is to l>e made. Horizontal and vertical 
stacks and assemblies in oblique are shown in Figs. 2(3 
and 27, respectively. 

All necessary instructions for assembly together 
with shop numbers or names of the various parts are 
usually placed on the drawing. 



CHAPTER IX 


SKETCHING 

1. Purpose.—A knowledge of pictorial drawing is 
a great asset to any engineer, but the ability to use 
tlmt knowledge in the form of a freehand sket(‘.h is still 
more valuable. Engineers must <mntiniially explain 
their ideas to workmen and to other engineers, and a 
freehand pictorial sketch is frequently the best 
method. 

2. General Procedure.—The mechanics of making 
the stroke are the same for oblique sketching as for 
orthographic and axonometric. The layout for the 


I--1 



I'u;. 1. ()rth()jfraj)hic of . 

drawing should follow ai)proximately the sam(‘ pro¬ 
cedure as the rnechaiii(^al layout discussed in the prtv 
ceding chapter. Objects that are mainly rectangular 
should 1x3 Imilt insider a box, which has its ovcu-all 
dimensions in proportion to the over-all dimensions of 
the piece. Figure 1 shows an object in orthographic 
whose over-all dimensions are 1 1)}^ 1 ^ 2 3 in. The 

steps to he- followed in making a freehand sket(;h of 
the object are shown in Fig. 2. As in mechanical 
drawing, the first thing to be done is to arrange the 
object in the desired position. The student should 
always remember that the best position is that which 
shows the object to the best advantage rather than 
that which is easiest to draw. When the object has 
l)een arranged with the proper face to the front, the 
direction of the receding axis has been chosen, and the 
amount that the receding lines are to be foreshoii,ened 
has been decided, the enclosing box can be drawn, as in 
Fig. 2a. The dimensions on the front face arc 1 by 3 
in., so the horizontal axis is made three times as long 
as the vertical by choosing a certain distance as a unit 
and marking it off three times on the horizontal axis 
and once on the vertical axis. These distances are 
approximsjled by eye and not measured mechanically. 
Since the receding axis is to be foreshortened, we can 
represent the IH in* by one division also, thus 


IN OBLIQUE 

reducing the distance by one-third. A light sketch 
stroke should bo used so that corrections can easily 
be made. It is usually better to make correetions 
before erasing, to avoid making the same mist akes on 
the second attempt. 

The details (Fig. 2b) are located and size^d by pro¬ 
portion rather than by measurement. Thus, the 
center line of the vertical slot is about one-fourth of the 
length from the left end, and the width of it is about 
one-fourth of the tgtal length. The circular part is 



Fni. 2.’ Steps ill making an oblique sketch. 


at the right (juarttw point, and the size of the circles 
is taken as a (^ei-tain proportion of the vertical height. 
The length is therefore divided by eye into four 
approximately equal parts, and the left division is 
used as the center line of the slot. Then, by taking 
half of a division on either side of the center line, the 
width of the slot is determined. The center of the 
hole on the side face is about one-third of the depth 
from the rear fac(\ By proportion, this can he located 
without consideration of the fact that the rec^eding 
face has been foreshortened. 

,To draw the circle in the oblique face, the center 
lines are located and the radius of the circle approxi¬ 
mated on each center line. The square circuimscribing 
the circle should be sketched in its proper position (see 
Fig. 26). This gives a good basis for drawing the 
pircle; for, by making an ellipse tangent to the sides of 
the square at their mid-points, the size and general 
shape of the ellipse can be closely approximated. 
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After all details have been drawn, the lines must be 2, Vertical lines in any fa(;e will I’eniain vertical 

made clear and distinct and heavy enough io repro- (see AC, HI), DK, and FG in Fig. 3u). 

(luce (se(‘ Fig. 2r). This is an important step in the 3. Horizontal lines perpendicular to the front face 

sketching; for a drawing that is not clear and distinct will bo j)arallel to the reci^ding axis (see PE and HF 
may be a handicap and a source of .error instead of a in Fig. 3a). 

help. " 4. Horizontal Utu's, lunther parallel nor perp(‘ndic- 




FiQv 3.—Geometric reliition.ships in oblicpie. 





Objects that are composed principally of cylinders 
can be sketched by basing the sketch on center lines, 
as explained for mechanical drawing. 

3. Geometric Relations.—A knowledge of certain 
geometrical relationships will help in the construction 
of an oblique drawing. 

1. Horieobtal lines parallel to front face will 
remain horizcmtal (see AB, CD, and EF, Vi$. 3o). 


ular to the front face, may show in any direction and 
must be located by proportion or by joiping two 
known points (see DN and KM m. Fig. 3a and also the 
radial lines in Fig. 36). 

5. Parallel lines wiU remain parallel (see AB, CD, 
and EF and also DN and MK in Fig. 3a). 

6. Perpendicular lines do not show perpendicular 
as a usual condition, unless they are both parallel to 
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the front face. In Fig. Sc, AB is perpendicular to 
all the lines radiating from but tluj 1)0 deg. shows 
only between AB and B(\ which are both parallel to 
the front face. Sometimes the 90 deg. will show in 
other conditions as for AM and A(^. 

7. lincvS inclined to all three faces may show longer 
or shorter than their true length. In Fig. AB is 


ellipse whose major axis is not far from the long diag¬ 
onal of the circumscribing siiuaro (see A B andAd in 
Fig. 3c). 

12. When the base of a right cylinder is on the sid(^ 
or top face in oblique, the major axis of the ellipse is 
not perpendic.ular to the axis of the cylinder (see Figs. 
3/ and 3^). 



the true length of the diagonal of the face of a cube. 
AC and DE are actually the same length, but AC 
shows shorter and DE is longer than the true length. 

8. Planes parallel to the front face will show true 
shape (see A BCD in Fig. 3a). 

9. Planes parallel to side face are built on vertical 
axis and receding axis. In Fig. 3a, BFGK is the side 
face and BF is parallel to the receding axis, while FG 
is vertical (see also face AC NO). 

10. Planes parallel to top face are built on hori- 
55oiital axis and receding axis (see planes ABFEPO and 
CJOAT in r^lg. 3a). 

31. A circle in the side or top face will show as an 


4L Center-line Layout. —When the component parts 
of an object are mainly cylindrical, the center-line 
layout is as convenient for sketching as for mechanical 
drawing. An object of this character is shown in Fig. 
4. The construction of the sketch is shown by steps 
in Fig. 5. The complete center-line layout has l)een 
shown in Fig. 5a, providing the framework on which 
the sketch will be built. In Fig. 56 the faces parallel 
to the picture plane have been drawm with the con¬ 
necting lines added to form the appropriate solids. 
The outlines of the vertical cylinders have been 
sketched in Fig. 5c. The intersection of the tw^o 
cylinders has been determined by passing planes such 
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jis A BCD which cut elementn from both cylinders, 
AD and BE from the vertical cylinder and ('D from 
the horizontal cylinder. The ])oints E and /), where 
the elements cross, will be points on the intersection 
of the two cylinders. The drawing, has V)een com¬ 
pleted by adding? the th?(^ads and sliadin^ as shown 
in Fig. 5d. 

This particular sketch was made with the help of 


the underlay chart shown in Fig. 21, page 177. The us(^ 
of such a chart speeds up the sketching and enables 
the draftsman to maintain the proper proportions and 
shape of circles and ellipses. The use of such drafting 
aids is a great help to the beginner and may be used 
by anyone, but the draftsman should continually 
strive for greater perfection in a technique that is 
complct(ily freehand. 



CHAPTER X 


PERSPECTIVE 


1. Definition. —The perspective of a point may be 
defined as tlxe intersection with the picture plane of the 
line from the eye to the given point, as shown pictori- 
ally in Fig. la and orthographically in Fig. \b. This 
type of projection differs from the others discussed 
in this text in one principal feature, namely, that the 

point of sight is at a finite distance from the object 
* 


of the person’s eye, or in the window plane, that, is, the 
picture plane, would change the image or perspective. 

In Fig. 2a a pictorial view is shown of a cube in the 
third quadrant and a po nt of sight S in the fourth 
quadrant with the perspective upon the intervening 
vertical plane. The orthographic construction is 
shown in Fig. 2h. 




Ficj. 1.—Perapoctive of a ixjint. Visual-ray method. 



Fio. 2.—Perspective of a cube. 



Visual-ray method. 


and the projecting lines, or lines of sight, converge 
to this point instead of being parallel. 

Thus, if a person using one eye were to look through 
a windowpane at an object outside, and the rays of 
light passing from the object to the eye wete inters 
oepted by the windowpane, an exact image of the 
object would be form^. This image would be a 
perspeoti^^ of the object from that one paiticular 
point df sdi^t, Cleariy, any change in the portion 


2. Visual-ray Method.—To find the perspective of 
an object it is only necessary to find the piercing points 
of the lines of sight, or visual rays from the object 
to the point of sight, with the vertical plane. Thus, 
in Fig. 16 a line is drawn from si to oi. This is the 
vertical projection or front view of the line of sight. 
Another line is drawn from s to a, giving the hori¬ 
zontal projection or top view of the line of sight. In 
the top view the ground line is really the edgewise view 
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of the vertical plane^ and hence the point where the 
visual ray passes through the vertical plane can be 
seen in the top view at v. The vertical projection of 
this point Vi is the perspective of the point A and is 
designated as Ap. 

In Fig. 26 the construction of the* perspective of a 
cube is shown. The vertical projections of all visual 
rays are drawn from s' to the corners of the cube. 
The horizontal projections of th(.‘se same rays ate 


tially an application of this principle. The draftsman 
should, therefore, become thoroughly familiar vith it. 

Any two orthogi-aphic views may be used to con¬ 
struct a perspective l)y the visual-ray method. In 
Fig. 3a the top and side views have been used. The 
draftsman must be careful not to confuse the views 
of the point of sight. The Ausual ray must be drawn 
from s, the top view of the point of sight to the to{> 
view of the objetrt and from no other. Likewise the 



3.—Per«T>€'f*tivG coiistructod from jiny two ortJjograpliit; views. 



Fui. 4.—Angular or two-point p^rsportivi*. Visual-ray method. 


drawn from s to the same comers on the top view of 
the cube. From the points where these horizontal 
projections cross the picture plane, erect perpendicu¬ 
lars until they cross the corresponding visual rays in 
the front view, thus locating the corners of the cube 
in the perspective. 

It should be obser\"ed that, although the result 
attained is a perspective or scenographic projection, 
all the construction is purely orthographic projcnition 
with which the draftsman is thoroughly familiar. 
The only new idea contained is that of finding the 
piercing point erf the visual rays with the verticg.1 plane. 
All methods pf constnicting perspective^ essen- 


side view of the visual must be drawn from 
the side view of the point of sight to the side view of 
the object. In the side view the vertical plane is 
again seen edgewise, and hence perpendiculars drawn 
from the piercing points in the side view will intersect 
corresponding perpendiculars drawn from the top 
view to give the perspective, as shown in Fig. 3a. 

In Fig. 36 the front view and the visual rays to sy 
have been added. This shows the relationship of 
all views to the perspective and reveals that any two of 
the three may be used to make the perspective. 
The top and side views are usually used because the 
front view would ordinarily overlap the perspective. 
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3. Parallel and Angular Perspective. —Thus far 
the cube used in the illustrations has always had one 
face parallel to the picture plane. For this reason the 
resulting perspective is called a parallel perspective/' 
When the object is turned with its face making an 
angle with the picture plane, the result, shown in 
Fig. 4, is called an ^‘angular perspective." The 
method of construction is the same for both types. 
The side view in Fig. 4 has been moved far to the left 
to clarify the construction. 

In Fig. 36 it will be noted that the receding lines of 
the cube converge to the point si. This is called the 
vanishing point for these lines. In parallel perspec¬ 
tive, only one group of lines converge to a ^ulnishing 



J'ni. 5. - Vatii.sliing poiut 


point while the others are ]:)aiallel to their original 
position. For this reason, this type of perspective 
is sometimes called a one-point perspective. In Fig. 
4, on the other hand, two groups of lines converge to 
vanishing points, which ai;e seen to be on a horizontal 
line through si. Since there are two principal vanish¬ 
ing points, angular perspective is sometimes called 
two-point perspective. 

The horizontal line passing through the verti(‘.al 
projection of the point of sight and these vanishing 
points is called the horizon. 

4. Vanishing-point Method. —Although the visual- 
ray method is simple to understand, it is somewhat 
cumbersome to use for more complicated objects. 
The vanishing-point scheme gives a better method of 
solution in many cases, and a Judicious combination 
of both methods permits a more rapid solution of 
problems. 

To use the vanisliing-point method effectively, it is 
necesbary to understand a few simple geometrical 
principles and definitions. 

Parallel Lines Meet at Infinity ,—The so-called 
‘Vanishing pointis simply the perspective of the 
meeting point of parallel lines obtained by the usual 
visual-ray method, as will be explained later. 

// Two Lines Are Parallelf Their Orthographic 


Projections on Any Plane Are Parallel. —Hence, if one 
wishes to draw a line parallel to another line it is only 
necessary to make their corresponding projections 
parallel. It should be rem(unberod that two pro¬ 
jections are always necessary to determine a line. 

Two Points Determine a Line.— One of the advan¬ 
tages of the vanishing-point method lies in the fa(*t 
that the vanishing point is one of the two required 
points in many lines of a perspecti^ e. The second 
point can be found easily, as will b(^ explained later. 

Two Intersecting Lines Determine a Point .—This 
fact is used repeatedly since the intersection of the 
perspect/ives of two lines is used to det.ermine the 
persp(‘<‘1i\’(» of a point. 



of a horizontal line. 

Vanishing Point of a Line .—To find the vanishing 
point for any system of parallel lines, proceed as 
follows. 

а. Drav' through the point of sight a line paralh‘l 
to the gi^xm set of lines. This requires two 
projections, usually the horizontal and vertical, 
as shown pictorially in Fig. 5a and orthographi- 
cally in Fig. 56. Thus, a line is drawn from .s 
parallel to ah, which is the horizontal projection, 
and the vertical projetjtion is drawn from S) 
parallel to aibi, making the line through S 
parallel to AB, the line in space. 

б. Find the piercing point of the line, just drawn 
through aS, with the picture plane. This is 
found where the top view^ of the line crosses the 
edgewuse view of the picture plane at v. Pro¬ 
jecting vertically downward to iq we have the 
vanishing point designated as V.P. 

It may be noted that this is nothing more than the 
visual-ray method applied to the meeting point of 
parallel lines. 1 n other words, the so-called ‘ ‘vanishing 
point" is really the perspective of the point where 
parallel lines meet. 

The vanishing point for horizontal linos will always 
lie in the horizon since the vertical projection of 
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horizontal lines is always horizontal and a line from 
parallel thereto will always be horizontal. This 
is the horizon line. 

The A'anishing point for inclined lines, however, 
will not be in the horizon. But the method of finding 
such vanishing points is exactly the same as before, 


true side or front views are not drawn. To obtain 
vanishing points, however, the vertical projection is 
necessary, since it must be paralleled. For horizontal 
lines on an object the direction of the vertical pro¬ 
jection is known to be horizontal, so the vertical 
projections of such lines need not be drawn. For 




I'hj. H.- VHiiiHliiiiK point ol un inolim^d line. 



as shown in Kg. 6. In Fig. 66 the horizontal projec¬ 
tion through «is drawn parallel to ah and the vertical 
projection through Si is parallel to ai6i. The piercing 
point is found in the usual way, as shown in Figs. 6a 
and b. 

In Fig. 7 a small shed is shown by its top view, true 
side, and front views and at the right by an Ordinary 
end elevation. In the vanishing-point piBthod the 


inclined lines like AC, the edge of the roof, the vertical 
projection must be found. In paragraph 13 another 
method is explained for finding the vanishmg points of 
inclined lines which does not require the true vertical 
projection. 

It will be obee^ed in Fig. 7 that, if the front view 
of the garage were not drawn, aiCt could be located 
by projecting down fr<Mn the top view and across from 
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the true side view. The same projection iiiCx would not solve the problem. A side view, as shown at the 

be obtained by projecting in from the end view at the right, however, will locate the vanishing points, 

right. This is the usual practice. In Fig. 8 the vcrti- By observing Figs. 8 and 9 it will bo seen that 

cal projection of the building has been omitted V>ut a. Horizontal lines have their vanishing points in 

the vanishing point of the roof line has been found by the horizon. 



Fici, 8.—PorKpoctivc, ubiujc vaniKhinj^ poiiit of inclined linos. 



Fici. 0. Vanishing i>oints for lines in inclined planes. 

usiag the rear edge DE and obtaining its vertical h. Lines that slope upward into the picture or away 
projection diCi. The method of finding three vanish- from the observer have their vanislung points above 
ing points is shown in detail in Fig. 7 and again in the horizon. 

Fig. 8. c. Lines that slope downward into the picture or 

In Fijg. ^ another situation has been shown. Here away from the observer have their a anishing points 
the fremt view of either set of sloping lines would be a below the horizon. 

vertical line, and hence the front and top views would d. Lines that are parallel to the picture plane have 
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their vanishing points at infinity, and therefore their 
perspectives are parallel to the front view of the line. 

It should be noted that any point in the picture 
plane is its own perspective. We may therefore deter¬ 
mine the perspective of any line by obtaining the 
perspective of two points in it, one of which is its 


Second find the piercing point of the line AB with 
the picture plane as at Vi in Fig. 106. Connect 20 
with VP, This is the perspective of the entire line 
from the picture plane to infinity. To get the seg¬ 
ment ABj draw two visual rays from s to a and 
b. Find where they pierce the picture plane, and 




J’k;. 11.—P<?rHpt5Ctivf o( a (‘ube, usiuK vaiiiahing points a?id piercing pointw only. 


vanishing point and the otiior its piercing point with 
the picture plane, as shown in Fig. 10. 

6. Perspective of a Line.—Since finding the per¬ 
spective of all objects consists in finding the perspec¬ 
tives of groups of lines on the object, we shall first find 
the perspective of a single line. In Fig. 10a the 
method has been shown pictorially, and in Fig. lOfe 
orthographically as the draftsman does it. 

First find the vanishing point for the line AB by 
drawing a line through S parallel to it. Detmnine its 
piercing point the picture plane as shown , at VP. 


locate Ap and Bp by dropping perpendiculars to the 
perspective. 

6. Perspective of a Cube. —The same procedure will 
now' be applied to a cube. Having given two views of 
the cube and two views of the point of sight, as in Fig. 
11, proceed as follows: 

o. Find the vanishing points for the two sets of linaa 
that are not parallel to the picture plane, as illustrated 
in the figure. 

b. Extend the edges of the cube until they pierce 
the picture plane as.shown at », ri, »*, etc. Since 
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these lines are horizontal, the piercing points are 
obtained by extending the horizontal projections to 
the picture plane and dropping perpendiculars until 
they cross horizontal projectors carried in from the 
side view. It will lx‘ noted that the side view gives 
only elevations in a vertical direction; hence a true 
side view is not necessary, as is the case with the 
visual-ray method. A view of any side will do. 

If now we draw lines from the piercing points to the 
vanishing points of the lines, these lines will intersect 
in pairs to give the perspective of the corners of the 
cube. When these points are connected in proper 
order, the picture is completed. 

The combination of vanishing-point and visual-ray 
method is shown in Fig. 8. Here the visual ray has 


carried from in the side view to the proper meas¬ 
uring line, then by a line vanishing to V.P.K. to 
on the edge of the roof. From here the dash line to 
VM\L. is carried until it intersects the ridge line of the 
ell portion of the house. This intersection locates the 
point Bpy and the valley line may now be drawn. 

To get the line BpCp the line ac in the top view was 
used. The location of Ap by the hidden lines is self- 
explanatory. The points Bp and Cp could more 
readily have been found by using visual rays to h and c. 
The first metliod has been given to illustrate construc¬ 
tion within the perspective. 

The following outline indicates more completely 
the steps in making the perspective. It is assumed 
that we have a plan and elevation of the building on 



Fio. 12.—I’erwpootivo by the combination vanishiug-])oint and viwual-ray method. 


been used to locate corners. This use of the visual 
ray is particularly helpful for lines near the horizon, 
such as the eave lines, because of the flat intersections 
obtained between the lines vanishing to right and left, 

7. Combination Visual*-ray and Vanishing-point 
Method. —In Fig. 12 another object representing the 
outlines of a small residence is shown in perspective. 
This has been made by the combination method, 
and all lines necessary to the construction of the per¬ 
spective are shown. Note how few are requii’ed. 
Two vertical measuring lines were used for conven¬ 
ience. The measuring line is merely the intersection 
of a vertical face of the object with the picture plane. 
The piercing points of all lines in the face lie in this 
line. For a further discussion of vertical measuring 
lines, see paragraph 10. 

The nmof an imaginary line BD in one roof surface 
to locate the point B on the intersection of the hip and 
valley rafter is of interest. The elevation of D is 


two separate sheets, which is usually the case in 
architecture. We also assume that the entire draw¬ 
ing board is covered with paper and that it is amply 
large to contain the vanishing points without trouble. 

a. Place the plan view on the board close to the top 
at an angle that will show the building to best advan¬ 
tage, and draw^ a horizontal line through the front 
corner to represent the P.P. (see Fig. 13a). Note 
that the finished perspective will fall directly below’ 
the plan, if the point of sight is well chosen. 

b. Place the elevation well toward one side of the 
board at a height for convenience in drawing and to 
bring the perspective at the desired position on the 
board. In general this will be directly opposite 
the elevation. 

c. Choose a point of sight in the plan view at least 
twice as far in front of the picture plane as the maxi¬ 
mum width of the object. It should be near the 
center of the plan view. Locate the horizon line that 
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contains the vertical projection of the point of sight which locates the piercing points. Connect these 

in a position up or down, this will give the desired view points with the vanistiing point, and then draw 

of the object. For buildings this is commonly 5 to visual rays from the plan view to locate points on these 

6 ft. above the ground, that is, the normal height of the lines. In Fig. 13c this has been done for the right 

eye (see Fig. 13a). / gable face. 



d. Find the v^ishing points for the printapal groups /. Continue the construction by extending the left 
of lines on the object (see Fig. ISh). gable face to the; picture plane in the plan view and 

c. Begin the perspective by extending the principal projecting in frunn the elevation at the right to get 

horiaont^ Unes i of the object to the pictjM!® “ the piercing points of the horiacmtal tines at the proper 

the plan yfew projecting in from thfe lide view level. 0raw ti» 0 B to the left V.P. and then visual 
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rays from the plan view to locate points on these lines, 
as shown in Fig. 13d. 

g. Lines may now be drawn from the gaV)le faces at 
the ground and eave lines to determine the inter¬ 
section of the ell, as shown in Hg. 13(?, The ridge 
lines do not intersect. Points a and h can be located 
by visual rays and then connected to complete the 
figure. Other constructions, one of which is shown by 
hidden lines, can be used. 

8. Perspective of a Circle. Parallel to Picture 
Plane ,—If a circle is parallel to the picture plane, its 
perspective will be a circle, in general smaller than the 
original, since the picture plane is usually between 
the object and the observer. In this case it is only 
necessary to find the perspective of the center of the 
circle and one point on the circaimference. The 
circle may then be described with a compass, as 
shown in Fig. 14. Here the visual-ray method has 
l>een used as offering the simplest solution. 

Circle in a Receding Plane ,— If the circle lies in a 
receding plane, its perspective will be an ellipse. It is 
the usual practice to determine this ellipse by finding 
the perspective of 8 or 12 points on it. In Fig. 15 a 
(4rcle has been shown lying in a horizontal plane. It 
has been divided into 12 eciual parts, and a coordinate 
grid of lines parallel and perpendicular to the picture 
plane has l>een drav n through the points. 

The perspective of this grid can be ol:)tained as 
follows: Find the piercing points of the lines per- 


which can now be established, thus determining the 
points on the ellipse, as shown in Fig. 15a. 

Instead of the lines perpendicular to the picture 
plane, lines at any other convenient angle could have 
been used, as in Fig. 155. The same scheme of 



Fi<i. 14. —Per8p<?otivc of a (‘ircle parallel to tlie pieture plane. 

(H)nstni(!tion is used. For of licr constructions of a 
circle, see Figs. 17 and 18. 

To locate any spcciiic point on a circle, such as 0 in 
Fig. 15a, draw a line through it parallel to the receding 
grid line, and get its perspective. Locate the point 
on this line by the use of a vi.sual ray, as illustrated. 



pendicular to the picture plane as at v\, vt, vt, etc., in 
the usual way. These lines vanish at si. Draw their 
perspectives. Locate two corners of the square by 
visual rays, and draw the square and one of its diago¬ 
nals. The intersecticHis of the diagonal with the 
receding lines locate points on the horisontal lines, 


The entire <;ircle could have been determined in this 
way. 

9. Distortion in Perspective.—In Figs. 16 to 19, 
circles have been shown in perspective in a variety 
of positions. In some cases the ellipse is badly 
distorted. It will be noted that the perspective of 
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the center of the circle is not the center of the ellipse. 
Both the position of the (rircle relative to the picture 
plane and the locations of the point of sight affect the 
resulting perspective. 

It is generally assumed that the a.'lls of a right cir- 


In making perspectives of cylindrical objects, there¬ 
fore, the point of sight and position of the object 
should be crarefully chosen to avoid such distortion. 

10. Measuring Points and Lines.— Since lines that 
lie in the picture plane show in their true length and 



cular cylinder will be at right angles to the major 
axis of the ellipse representing the end of the cylinder 
in perspective. This will be true when the point of 
sight and the axis of the cylinder lie in a pWe per¬ 
pendicular to the picture plane. In other situations 
the axis of the cone or cylinder may not be perpendic¬ 
ular to the major axis of the ellipse, as ^own in 
Figs. 16 and 17- 


may therefore be scaled, the construction of perspec¬ 
tives may be speeded up by their use. 

Vertical Dimensions .—If any vertical face of an 
object is extended to the picture plane, the inter¬ 
section of this face with the plane will be a vertical 
line along which measurements may be made to scale. 
By means of the vanishing points these measurements 
may be carried back-into the face of the object and 
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into adjoining faces, as Aown in Fig. 19. The drafts¬ 
man should be able to carry a horizontal line around 
any object, from a vertical measuring line in the 
figure. The points lo, 2o, 3o were carried across to 
the meas\iring lines at 1 1 , 2i, and 3i; then, by lines 
vanishing to the left, they were carried to the front 


edge of the cul>e. From here they can be carried 
across both faces to the other corners, etc. The same 
principle hits been used, without discussion, in P^igs. 
11 to 13. 

Horizontal DimensionH .—If the edge af of the object 
shown in Trig. 20 is revolved around a into the picture 



Fig. 19.^—tj«e of vertical nieaHurina line hikI diaaonalH. 
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plane, / will fall at /r and ajt equals a/, which is the 
true length of the line. If now Jr is connected to /, an 
isosceles triangle affr is formed, and lines drawn from 
points on ajr parallel to ffr divide the sides into pro¬ 
portional parts, as shown in Fig. 2b. The line afr 
shows in the perspective in its true length at a'/r 
hence may be scaled in the perspective. If now, the 



vanishing point of ffr is determined, the perspective of 
af may be divided into measured parts, as shown in 
Fig. 20. The vanishing point M.P.R. for these lines 
which measure the perspective is called a measuring 
point. The line a'/' is a horizontal measuring line. 
Obviously, a measuring line can be established for 
the other horizontal side of the object, as at a'h[ in 
Fig. 21. 



Fia. 22.—Measuring lines for object behind the picture plane. 

A simple method for kx^ating the measuring points 
is shown in Figs. 20 and 21. With vr in Fig. 20 as a 
center and vrs as a radius, swing an arc to the picture 
plane. From this point draw' a perpendicular to the 
horizon to locate M.P.R. Note that M.P.R. for the 
right side is on the left. Follow^ the same procedure 
for M.P.L. using vi as a center, as shown in Fig. 21. 

In both Figs. 20 and 21 the object has its front 
corner in the P.P. When the object is fadhind the 
picture plane, aS in Fig. 22, the procedureidt establish¬ 
ing horisonta! Measuring lines is as foilowii 

1 Prfttahlish M.P.L. and M.P.R. in the Usual wajr 


by swinging arcs from S wit^ Fz, and Vr as centers 
(see Fig. 22). 

2. Find the perspiictive of point A (a in plan) in the 
usual way (see Fig. 22). 

3. Draw a line from M.P.R. through Ap to the 
ground line. This is the beginning point for measure¬ 
ments in the right face, as shown in Fig. 22. 



4. Draw a line from M.l^.L. through .1^ to the 
ground line to locate the beginning point for measure¬ 
ments in the left fa(x\ 

In Fig. 23, the perspective of a small gretuihouse has 
been shown in which both vertical and horizontal 
measuring lines were used. divisions along th(^ 

right side of the building were laid out to scale along 
the ground line, then transferred to th(i perspectives 
by drawing lines vanishing at M.P.R., which, it should 
be noted, is on the left. Measurements for the 
left face were laid out to the left on the ground line 
and transferred to the pemspeetive by lines vanishing 
at M.P.L. on the right. Note that two steps were 
used in this transfer because the measurements to 
right and left w^cre begun at the same point on the 
ground line, whereas the building is l>ehind the picture 
plane. 

Visual rays could have been used to make these 
subdivisions, and a few have l>een drawn to show that 
the two methods give the same results. This per¬ 
spective could have been constructed without the use 
of the plan and elevation in the positions shown. It 
would be necessary to know onl}^ all the dimensions of 
the building. Then, by use of the measuring lines 
and vanishing points corresponding to a predeter¬ 
mined position for the building relative to the pic¬ 
ture plane, all the work could have been done in 
perspective. 

11. Perspective*-plan Method.— Another scheme 
sometimes lised in constructing perspectives is the 
so-called perspeetive-plan method. It is useful in 
obtaining hortapntal measurements in the perspective, 
particularly when the base of the structure is near the 
horizon Hne, wjycb gives very iat and, therefore, 
inaccurttte int^toBections of the pei^jpective lines. 
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In Fig. 21 the ground line is the measuring line 
normally Uvsed. It will be noted that this would give 
very poor intersections for the location of details, 
especially near the front corner of the building. By 
depressing the measuring line as far i\&wn on the sheet 
as convenient, the perspective plan can be constructed 
with much greater accuracy. Details on the per¬ 
spective are projected vertically upward from the 
plan. Only those details whicli are necessary to the 
construction of the perspective need I>e placed on 
the plan. Vertical measurements are obtained in 
the usual way. 

The same measuring points mid vanishing points 
used to make the final perspective are also u.sed to 
make the perspective plan. 



Frti. 2-5.—Lo<*atioJi of vjini.shin*? for 45-<lc«. lino.s in any 

plane perpendicular to tlie picture plane. 

12. Forty-five-degree Lines. For Construction .— 
Horizontal lines making 45 deg. with the picture piano 
are often very useful in making perspective construc¬ 
tions, as for example in the circle shoAvn in Fig. 16. 
The vanishing points for these lines may be found in 
the usual way. In Fig. 16, it will be noted that they 
are just as far from Si as s is from the picture plane. 
These points may therefore be located by measuring 
the distance x along the horizon. 

Use has also been made of 45-deg. lines in construct¬ 
ing the circles in Figs. 17 and 18. From Fig. 25 it 
can be seen that the vanishing points for 45-deg. lines 
lying in any plane perpendicular to the picture plane 
will lie on the circle having as a center and the dis¬ 
tance from s to the picture plane as a radius. Use of 
45-deg. vanishing points on a revolved horizon has 
been made in Fig. 26. Here the distance from s to 
the picture plane is not SiS, as in Fig. 26, but sv as 
shown. Application to a machine part is shown in 
Fig. 27. Here the vanishing points lie outside the 
figure. 

Measuremmte with Line. Fig. 27 

measurements perpendicular to the picture plane 
were made with the measuring lines indicate and 45- 
deg. lines. Tl# method is further illustrated for par¬ 
allel pempeotivfe in Figs. 28 and 29. In 28 the 


vertical measuring line has been us(^d to obtain the 
vcrfi(*al measurements in the perspective and also to 
obtain measurements along tbc 3 receding axis. Since 
the tw^o legs of any 45-deg. triangle are equal, vertical 
measurements are translated into horizontal measure¬ 
ments by the aid of the 45-deg. V.P. as indicated in 
the figure. 

In Fig. 29 a horizonfal measuring line in the picture 
plane was used in conjunction with the 45-deg. V.P. 
at the left to translate measurements to the receding 
axis. Vertical heights could have been obtained from 
this horizontal measuring line by the use of the 45-deg. 
\\P. bclow^ as illustrated in Fig. 29 foi’ the total height 
of the block. This, of course, is a roundabout pro¬ 
cedure, but it illustrates wdial (‘an bo done with th(^ 
45-deg. ]in(‘. 



Fitj. 20.—Por8i)ectivo of circle uhIiik vniUNhiuK points for 45 -c1ok. 

lino«. 


Another use of the 45-deg. line is shown in Fig. 19. 
In this figure a vanishing-point for 45-deg. lines in the 
faces of the cube has not been found, but, by using the 
center line of the face, a series of diagonals can be 
draw n that measure equal distances along the receding 
lines. By drawing a diagonal and then dropping a 
perpendicular from its upper end, a series of extensions 
was made, each representing a distance equal to one- 
half the width of the cube. If the vanishing point for 
these diagonals had been located, the center line of the 
face could have been omitted as well as one-half of 
the diagonals. 

13. Locatipn of Vanishing Points for Inclined 
Lines. —Vanishing points for 45-deg. lines lying in 
planes other than tliose perpendicular to the pic¬ 
ture plane may be found, as illustrated in Fife. 30. 
The planes indicated "in this figure are perpendicular to 
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the horizontal or profile plane and may be inclined at vanishing point for any inclined line, for example, a 
any angle to the vertical or picture plane. From a roof line. In Fig. 31a the line S-V.P. is shown parallel 
study of these figures it will be seen that the vanishing to tlie roof line, which is the prerequisite condition 
point for 45-deg. lines will He in the intersection of the for finding a vanishing point. In Fig. 316 the plane of 



Krcj. 29.~ Measurements with 45-deg. lines, 

plane sb<ic with the picture plane, at a distance from 

o equal to j^a. This is the distance of s from the pic- the lines S-V.P. and S-V.P.L, have been revolved 

ture plane measured in the plane containing the 46- around V.P.-V.P.L. into the picture plane. The 

lines. little house also has been revolved into the plane 

lo Fig. 81 Is shown a simple method for finding the through the same angle and in the same direction. 
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ConHequently these lines remain parallel in their 
revolved positions. V.P. can therefore be determined 
by drawing a line from M.P.L. parallel to the pitch 
of the roof until it intersects a perpendicular from 
V.P.L. The orthographic construction is shown in 
Fig. 32. The steps in the procedure are as follows; 


section with a perpendicular from the V.P. for hori¬ 
zontal lines, as shown in Fig. 32. 

14. Three-dimensional Curves. — The general 
scheme for making perspectives is further illustrated 
in the construction of the perspective of a right heli¬ 
coid. The * ^ setup of the problem is shown in Fig. 




Fia. 30.—Vanishing points for 4r>-ci€‘g. lintjs in various pianos. 



Fig. 31.— Pictorial diagram for finding the vanishing points for inclined lines from measuring point. 


1. Find the vanishing point for the horizontal lines 
that lie in the same vertical plane with the inclined 
lines. 

2. Find the measuring point for horizontal lines in 
this plane. 

3. From the measuring point, draw a line making 
the same angle with the horizon that tlie inclined line 
makes with the horizontal plane and find its inteav 


33, but the actual construction has been carried out 
in Fig. 34 without the use of orthographic views other 
than to obtain the dimensions of the object. An 
enclosing box has been shown circumscribed about the 
helicoid as an aid in plotting points on this three- 
dimensional cnrye. 

Prom Fig. 33 it will be noted that the front face of, 
the enclosing box is in the picture plane. - The horizon 



PKHSPECTl VE 


103 


line has been made to coincide with the picture-plane 
line. This makes one of the vanishing points for 
45-deg. lines in planes perpendicular to V and // coin¬ 
cide with xS. A second vanishing point for 45-deg. 
horizontal lines is shown at the right. 

The actual construction is shown in two steps in 



Fiu, ‘Ci.— OrtJiOKraphic eonstTUoi.ion for finding vanishing point 
for inelinod linos from mousiiring point. 


Figs. 34a and />. The line ac is drawn efiual in length 
to the diameter of the helicoid at a position corre¬ 
sponding to that shown In Fig. 33. All other hori¬ 
zontal measurements W(‘re obtained from the line 
vk Avliich has l>een divided by means of the semicircle 
to giA7' th(‘ location of eight points on the periphery of 


The remainder of the construction follows in Fig. 
346. 

а. Divide the pitcli am into eight equal parts, and 
draAv lines to .s'. 

б. Points on tlie helicoid perimeter can now be 
plotted as shown for points p, ?% and z 



16. Double-curved Surfaces.— The perspective of 
a doul)le-curved surface has been shown in Fig. 35. 
In this instance a separate vertical measuring line is 
used for each circular section, since this seems less 



Fi« .‘f4.—Porspertive conutnicted without orthogrHpliir >dow. 


the helicoid. Having ae and ek laid out, the procedure 
is as follows: 

а. Draw os' and es'. 

б. Draw lines from 8 (the 45 deg. V.P.) to fc, A, 
and /, thus locating points n, s, and giving dis¬ 
tances of points on the circle from front to rear. 

c. Draw horizontal lines through n, s, and u. 

d. Dray two diagonals an and ey thus locating 
jight points on the circle. 


confusing. The circles were made by the diagonal 
method, the vanisliing points for the diagonal being 
beyond the limits of the figure. After the perspective 
of the circles is completed, an enveloping curve 
representing the outstanding contour is drawn to 
complete the outline. Meridian curves help to bring 
out the shape of the figure. Only the construction for 
the largest circle has been shown. The others are 
all similar. 
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The luse of perspective assemblies in the aircraft 
industry is shown in Fig. 3(i. Smudge shading has 
been used to bring out the contour. Figure 37 repre¬ 
sents an ^‘exploded assembly’^ that has been shaded 
with an airbrush. 

16. Oblique or Three-point Perspective. —As the 




4: 


WASHt» 

SCREW 


Fia. 37 -Rendered perspective of an a.ssenihly stack. 
{(Uidillnc. Motor Cor Dimsion, (I'rnt rnl Motors Corporotion 


name implies, an oblique perspective has three of thc^ 
principal fatten of the ol^ject inclined to the pictures 
plane. This likewise makes the three principal axes 
or edges of the objec't int^lined to the plane, and heru^o 
there arc three principal vanishing points, as shown in 
Fig. 38. 

The layout and construction of a thret^-point 
perspective may bo explaiiu'd in ti variety of Mays, 
but th(‘ simplest from th(* vic^wpoint of aetual ust^ 



Kiu. Piclorinl of points and horizon lincis for 

point. por.sfM‘ctivc. 
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Fj(j. 42.— '^llirce-point pcrsj>e<'tiv(' coiistrurtod with two ni(‘a.suriii>!; lines. 


seeniH to bi? that in which the layout is made for an 
inclined picture plane rather than imdiiied object. 
This does not require the construction of oblique 
views of the object, which is often as complicatt'd as 
the construction of the perspective itself, A thor¬ 
ough knowledge of orthogi'aphic projection and of the 
exact method of axonometric projection discussed in 
(Jhap. VI will be helpful in understanding the layout 
for vanishing points shown in Fig. 39. From N, the 
point of sight, three lines ai’c drawn parallel, respec¬ 
tively, to the three edges of the cube A B, AC, and A/> 
until they pierce the picture plane at Fb, Vc, and Fi>, 
respectively, which are, therefore, the vanishing points 
for lines parallel to the three edges of the cube. 

The picture plane is here inclined to the three 
principal planes and cuts them in the three lines 
FbFc, which corresponds to the usual horizon line 
in two-point perspective, and FbFj) and VeVn W’hich 
have been marked right traceand ^Teft tracein 
Fig. 39. These lines are sometimes called right and 
left horizon lines. 

The orthographic layout of the three vanishing 
points as the draftsmen uses them is shown in Fig. 40. 
A top and side view of a small block are shown, with 
the inclined plane revealed edgewise in the side view. 


In t-lic top view, the vanishing points Vb and Vc are 
located in the usual way. The distance OS in this 
view corresponds to 0"S" in the side view. The 
third vanishing j)oint F/> is tirst. located in the side 
view by drawing a vertical line from S" until it 



Fio. 43.—Construction for measuring points in left trace or horiaon. 
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piorce« the P.i^. at This is revolved to V and 

projected across to V d. Lines connecting Vu and 
Vj)^ and Vc and V locate the right and kft traces, 
respe(*ti\ ely. These traces have the same significance 
and utility as the horizon line. Note that when the 
pictuie plain* is revoh'ed in the side view the corner a 
of the block revolves to a'' and p^jects at Ap in the 
front view. This is the pcu'spective of the front corner 
of the block and also the projecdJon of the point of 
sight on tlu* pi(‘ture plane. Since the horizon line 
has been used as the axis of rotation, the points Vh and 
Vc remain uncduinged. With tlu^ perspective of the 
front corner of the block det(*rinined and the* three 
vanishing points locatc'd, we may now proceed with 



ri(j. 44." Pictorial of location of V.P.'.s for 45-deK. liiiOM. 

the construction of the complete perspective by the 
measuring-line system, as shown in Fig. 41. 

In this figure the intersection of the center line of 
the shaft with the plane of the front face of the base 
was placed in the picture plane. All measurements 
were taken from this line and with the aid of the 45- 
deg. vanishing points were transferred to the vertical 
lines. 

In Fig. 42, on the other hand, the center of the lower 
front edge of the base was placed in the picture plane. 
Two measuring lines, one horizontal and one parallel 
to the right trace, were used. 

A measuring line may be set up parallel to each 
horizon or trace in exactly the same way as in two- 
point perspective. The method for finding the 
measuring points on any one of the three horizon 
lines VbVc, VcYd^ and VnVn is shown in Fig. 43. The 
construction of the semicircles and right angles is 
exactly the same as in trimetric (see Chap. VI). 

The method of finding the vanishing points for 
45-deg. lines is shown pictorially in Fig. 44 and 
orthographically, as used in actual construction, in 
Fig. 45. 

Another measuring-line system, which requires only 
one measuring point for each horizon or trace, is some¬ 
what ('asier to use. The measuring point is the 


vanishing point for 45-deg. lines in each face. These 
vanishing points are found, as illustrated pictorially 
in Fig. 44 and orthographically in Fig. 45. 

17. One-point Measuring Line.’*'—This new 
measuring-line systc^m is illustrated for a two-point 
perspective in Figs. 40 and 47. The construction is 
given here without proof. The steps to be taken are 
as follows: 

1. Find the vanishing point V.M.r for 45-deg. lines 
in the usual way. 

2. Draw a line parallel to the horizon through the 
corner of the object that is in P.P. This corner or 
point on the object may have any reasonable location 
in the picture plane for two-point perspective or with- 



Fig. 45.—Orthographio construction for location of 45-de|s:. vanish¬ 
ing points. 

in the triangle bounded by the horizon lines in three- 
point perspective, 

3. With Vc as a center, swing an arc, with VMt as 
the starting point, until it crosses the horizontal line 
through 0 at a (see 2 above). 

4. Draw an indefinite line from Vc through a. 

5. With as a radius and vc as a center, swing an 
arc crossing the line Vcfi at b. 

6. Draw a line parallel to the horizon through 6. 
This is the measuring line. 

This line serves for both faces of the rectangle, and 
the beginning point for measurements can be found 
by drawing a line from VMt through O, the corner of 
the object in P.P., until it crosses the measuring line 
at (7. 

Measurements can now be laid out to scale to the 
right of C for the right edge and to the left of (7 for the 
left edge, using the same measuring point for both. 

* This method is used here by permission of Prof. J, C. Moore- 
head. The proof will be found in his text "A Handbook of 
Perspective Drawing,pp. 81-88. 
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Note tliat tliis measuring point is also the vanishing 
point for 45-deg. lines in the face Note that in Fig. 
47 the horizon line and the picture plane line arc 
coincident, which is the usual arrangement for three- 
f)oint perspectiA^cs. In other respects the two 
hgun^s are the same. 

18. Construction of a Three-point Perspective.— 

The method of (UJUvStmeting three-point perspectives is 


illustrated in the following problems. Before begin¬ 
ning, however, two additional terms need to be 
defined, namely, ^^angle of rotation'^ and ^^angle of 
tilt.’^ Both arc illustrated in Fig. 40. The angle of 
rotation is the lesser angle which the side of the object 
makes with a horizontal line in the picture plane. 
Note that- this is not the true value of the angle that 
the line makes with the P.P. 




• Fi«. 47.—Ono-point measuring line with picture plane and horiaon coincident. 
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The angle of tilt is shown in the side view of Fig. 40; 
it is the angle that the vertical edge of the object 
makes with the picture plane. This is its true value. 

t)ne may proceed to the solution of a problem by 
(^housing first the value of these two angles and then 
making the layout, or, more simply, one may choose 
the three principal vanishing points ^tid let these angles 
be what they will. Their value can be determined 
later if desired. We shall use the latter method. 


5. Draw the upper face of the object in the usual 
way, as illustrated in Fig. 48(i. 

6. By the aid of the 45-deg. V.P. in the side faces, 
vertical measurements may now be obtained from the 
horizontal measuring line, as illustrated in Fig. 48c. 
Thus, since the object is ^ in. high this distance' 
is laid out as shown and transferred to n. Draw from 
n to Vjj, A line from A" to VMn intersecting the rear 
vertical line from n gives the height. 




Fia. 48,—Steps in constructing a thrcc-poinl pcrspcf'tivc. 


For a more elaborate treatment of this subject, the 
student is referred to Professor Moorehead’s text 
mentioned heretofore. 

The object to be represented is shown in Fig. 48a. 
Proceed with the construction as follows: 

1. Select the three vanishing points as desired 
and connect them, thus giving the three horizon lines 
(see Fig. 48a). 

2. From each V.P. draw a perpendicular to the 
opposite side of the triangle, thus locating the point 
of sight S (see Fig. 48a). 

3. Revolve each face of the tetrahedron into the 
plane of the paper forming a right angle, as shown in 
Fig. 486. Bisect each angle and locate the V.P. for 
45-deg. lines which is also the measuring point for the 
single-line system. 

4. Select any point in the P.P. as the front comer 
of the object, and locate the measuring line (see Fig. 
48c). 


7. Since the notch is ^ in. from the top, measure 
5i (’> in. in from o' to locate p' in Fig. 48/. Carry this 
to p and thence by 45-deg. line to r on tlie rear edge, 
thus locating the top of the notch. The figure is 
completed in Fig. 48/. 

A second illustration is shown in Fig. 49 in which a 
measuring line for the right face has been used. Th(^ 
method of obtaining the measuring line has been 
shown. Measurements for the circle have been made 
on the vertical and upper right edges. By the aid of 
45-deg. vanishing points, one circle on the measuring 
line would have been enough to construct a circle in 
any one of the three faces. 

19. Perspective Charts and Boards. —By the use of 
the measuring-line system, a very convenient set of 
perspective scales can be constructed, as shown in Fig. 
50. Such a chart, of course, applies for only one 
particular arrangement of point of sight and picture 
plane and orientation of the object. The position of 
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the object (not its rotation or the tilt of the plane) can position by lines to the appropriate vanishing 
be varied. point. Eight points were obtained on each curve 

In Fig. 51 a double~(nir\'ed surface has been con- by means of horizontal and vertical center lines and 
structed in three-point piuspective by the aid of the diagonals. 



/i/>iL.r CLet^AT/OA/ BodtFLan 

Fig. 61.— Per sportive of double-curved surf«.ce coiietructod with aid of chart in 50. 

(!hart in Fig. 50. If wc assume the major divisions of A special board could be constructed by cutting 
the scales to represent inches, then the nose or vertex arcs of circles aiound each V.P. and using a special T 
of the surface was 1 in. in front of the P.P. along the square as discussed in ('hap. XIV. Or a centrolinead 

axis sloping up to the right. Measurements scaled could he used, thus permitting the removal of the 

from the views below can be used directly on the vanishing points beyond the limits of the drafting 

perspective scales and carried back to their proper board. 


CHAPTER XI 


SHADES AND SHADOWS IN PERSPECTIVE* 


1. Pictorial drawings may be made more lifelike or 
to have more character and ^^snap’’ if the object is 
shaded and its cast shadows represented. This chap- 
ter deals with the nu^thods of finding the shaded areas 
of an object and its cast shadows in perspective. As 
a preliminary to the work in perspective, howc^ver, 
we shall consider first the methods of finding shades 
and shadows in odhographic projection. The princi- 
pies of perspective may be then applied to these 
results, in the usual way. 

2. Shades and Shade Lines.—1 before undertaking 
the actual constI'uction, it is well to define the meaning 
of the terms used. Wlnm an obj(H-t is phnuxl in the 


A shadow is disf-inguished from a shade in that it is 
cast by one oV)ject on another or by one part of an 
object on another adjacent part, whereas the shade 
is simply that portion of the object itself which is not 
illuminated. A shadow may then be considered to 
be that portion of any surface which is dark because 
some objw-t is between the surfa(.*e and th(^ source 
of light. 

4. Direction of Light Rays. —Light rays may be 
assumed to have any direction. It is customary, 
hoAvever, to assume that the light shines down to the 
right and that the source is at an ^'infinite distanced’ 
away so that all light rays are parallel. The direction 



direct rays of a known source of light, certain faces 
will be lighted while others are dark. Those faces of 
an object on which no direct; light falls are said to be 
in the shade. Plane faces that are paralhd to the 
light rays are considered as being in the shade. 
Shades then are always the unlighted surfaces of the 
object itself. The lines on the object that separate 
the lighted faces from the dark ones are called shade 
lines.” 

3, Shadows* —The shade lines form the visible 
contour of the object when view^ed from the source 
of light, and consequently they are the lines that cast 
shadows of the object on other adjacent surfac^es. 
On objects composed of plane surfaces or single 
curved surfaces the shade lines will be straight lines 
or plane curves. Objects having double-curved 
surfaces are more complex. 

* In this cliaplcr, Figs. 6, 6, 8 to 14, 18 to 20, 25 to 29, are 
usod by the courtesy of the General Engineering Dravnng 
Department, University of Illinois. 


D/reef /on of ' 



of the light, lay may be specified in a number of ways, 
one of which is to indicate the direction by the two 
projections of an arrow, as indicrated in Fig. 1. Other 
methods used in perspective are discussed in para¬ 
graph 9. 

6. Shadow of Lines. —Since the shadows of objects 
are determined by finding the shadows of the shade 
lines, it will be well to^ begin our study by considering 
the method of determining the shadow of a line and the 
charaeteiistic shadows of certain lines. The shadow 
of any line may be found by drawing the light rays 
from the source of light through points on the lino 
and locating the points where these rays pierce the 
surface on which the shadow is cast. 

An examination of Figs. 1 to 4 will show the follow¬ 
ing facts (!oncerning the shadows of lines on plane 
surfaces. 

a. The shadow of a line parallel to a plane is parallel 
to the line and of the same length. This is shown 
pictorially in Ilg, la and orthographicnily in Fig. !/>. 
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b. The shadow of a line that is perpendicular to a 
plane is in the direction of the projection of the light 
ray on that plane. This is illustrated for the hori¬ 
zontal and vertical planes in Figs. 2a and b. 

c. The shadow of inclined lines must be determined 

by finding the shadow of its end points and connecting 
them, as shown in Fig. 3. if 


a Wall .—The shade line of this object (Fig. 5) consists 
of four parts .4/i, BCy CD, and DE, Two segments 
AB and DE of this line, which are perpendicular to the 
wall, cast shadows that are parallel to the elevation of 
t he light ray. The other two segments BC and CD are 
parallel to the wall, so their shadows are parallel and 
equal in length to themselves. To construct the 



Fio. 2.—Sluidow of a line on a piano to which if is perpendicular. 



Fio. 3.—Shadow of an inclined line on a horizontal plane 


d. When the shadow of a line falls on two inter¬ 
secting surfaces, the break in the shadow is deter¬ 
mined by finding the complete shadow, a part of 
which is imaginary, on one surface, as shown in 
Jig. 4. The point where this shadow crosses the 
intersection of the surfaces locates the break in the 
shadow. 

6. Shadows of Simple Objects. —With these prin¬ 
ciples in mind, it is not a difficult matter to find the 
shadows of simple objects on the horizontal and 
vertical or other planes. A number of them are 
discussed in the following paragraphs. 

Shadow of a Rectangular Block Protruding from 


entire shadow it is necessary to find the shadow^ of 
only one point B by the point-by-point method, the 
remainder being drawn directly by use of the principles 
of paragraph 5. 

The Shadow of a Free-standing Rectangular Solid — 
Here the shade line is composed of six segments 
AB, BC, CD, DE, EF, and FA (Fig. 6). The analysis 
of the shadow of this object on the wall follows that of 
the preceding paragraph, with the two segments EF 
and FA added. It should be not^ that the shade 
line runs completely around the object and that it 
represents the line of contact of a prism of light rays 
and the object. 
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Shadow of a Frec-alanding Object on a Broken curved nurfacc lighted, and the half is between the 

Surface, —The shade line of the pillar in Fig. 7 con- lines AB and OD (Fig. 8) on the loft front part of the 

sists of four lines Bf\ BC^ CD^ and DE that cast cylinder. The upper base of the cylinder is lighted 

shadows on the broken surface GHMN shown in the while the lower base is in shade. The sliade lines are 

side view. Beginning at the top, the shadows of the lines dB and f73, the light rear half of the upper 

points jB, Cy and D can be found in the usual way base circle and the* left front half of the lower base 



4. Shadow of an inclined lin^* on the liorizontal anci vertical plane,s. 


(lirci(d;ly from the side A'ioAV which shows the; surface cinie. Siiuic CD is a shade line, there must be a part 

edgewise. From t hese points the V(3rtic,al lines cast of the front view in shade and that shows to the right 

vertical shadows to the l)rcak. Th(^ direction of th(^ of c'd\ The other shade line .47? is invisible in the 

shadow on the sloping surfatie can be found by drawing front view but must be considered in finding the 

a light ray in reverse from A, thus locating the points shadow of the cylinder because its shadow is 

02 and p 2 on BF and DE wliich cast shadows on t his the limiting edge of the complete shadow. Tlie shadow 



Fui. 6.—Shadow of a blo<tk protrudiiijj; from a wall. Fui. 6.—Shadow of a fre«vi5taiuiiii« bUx'k. 

bimk line. Rays may then be drawn from o' and p' of the cylinder is found by constructing the shadows of 

in the front view to locate the shadows o, and p^, the various segments of the shade line enumerated 

These points are then connected to the lower end of above. 

the vertical shadows above. From o, and pt down- Shade Line and Shadow of a Cone, —If a plane is 
ward the shadows are again vertical. passed parallel to a light ray and tangent to the cone, 

Shade Line and Shadow of a Cylinder. —A circular the element of tangency is a shade line of the cone. It 

cylinder perpendicular to the H plane has half its is possible to pass two such planes, tbus giving two 
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elements that are shade lines of the cone. These 
tangent elements, AB and AC of Fig. 9, may be more 
easily found by either of the two following methods. 
Since the base of the cone is parallel to the // plane, 



FifJ. 7.-" SluidoWH oil a brokoii surface. 



"cd 


Ftg. 8. Hhiidow of u cylinder. 

the shadow of the cone is obtained by drawing lines 
from h tangent to the shadow of the base. These 
lines are the shado^^’s of tluj elements AB and AC and 
may be carried back to locate the projections of the 
shade lines, thus determining the amount of shade on 
the projections. 

The shade lines may be foimd directly by drawing 
the construction line 0/^, (Fig. 9) to locate P on the 
light ray through A . Using p as a center and a radius 
R equal to the distance po, draw a portion of a tdrcle 
cutting the H projection of the base of the cone at 6 
and c. This is an accurate method of locating the 
shade lines AB and AC of the cone. By finding the 
shadow of these lines and a portion of the base on the 
proper plane, the shadow of the cone is obtained. It 
will be noticed that more than half of the curved sur¬ 
face is lighted. The amount of lighted area of a cone 
with its axis perpendicular to the//plane and its apex 
up increases as the altitude decreases until the base 
angle becomes equal to the slope of the light rays. 


Then the whole surface of the cone is lighted. If thq 
cone is inverted, the construction is similar, as illus¬ 
trated in Fig. 10. In this (^ase the lighted surface 
decreases as the altitude decreases until the base 




angle becomes equal to the slope of the light rays, when 
the whole curved surface is dark. • 

The Shades and Shadows of a Niche .—The typical 
niche, such as the one shown in Fig. 11, has a semi- 
cylindrical body and a head that is one quarter of a 
sphere. The shade line consists of the straight lino 
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BA and the arc ACF. The shadow of the straight line 
BA is the intersection of the plane of AB and a light 
ray with some other surfaces. Those surfaces in this 
f*avSe are the floor and the cylindrical body of the niche. 
As already known, the shadow of a vertical line on a 
horizontal plane coincides with the II projection of 
the light ray; so the shadow of BE is on the floor at- 
The shadow of EA is the intersection of th(* 
plane of rays with the cylindrical wall of the niche, and 
since EA is parallel to the axis of the cylinder the 
shadow of EA is parallel to the line and of equal 
length, falling at c'a'. The shadow of the circle from 



A to C is found as the inters(‘ction of a cylinder of light 
rays with the cylindrical wall of the niche. Since 
the cylindrical wall of the niche shows edgew ise in the 
sectional view, points in which the elements of the 
cylinder of rays pierce the wall cylinder are found in 
the section and projected up to the elevation. This is 
just an application of the point-by-point method of 
finding shadows. The shadow of the circle from C to 
F is found as the intersection of a cylinder of rays with 
the spherical head of the niche. For this, the same 
analysis is used as in intersections. Pass a plane 
which cuts from both surfaces elements that project 
as straight lines or circles (circles in this case.) The 
intersections of these elements give points on the 
intersection of the surfaces. In this case one such 
plane is shown. Plane R cuts a figure from the niche 
which is partly indicated by the heavy dashed line. 
Since plane R is parallel to the base ACF of the cylin¬ 
der of liglit rays, it cuts a circle of the same size from 


that cylinder. This circle is drawn in with o' as its 
(‘.enter and radius marked R. The point at which this 
circle crosses the heavy dashed line is one point on the 
intersection. Other plaints may be passed and more 
pomi.s obtained in a similar manner. The curve of 
intersection comes tangent to the (ircie ACF at point 
F, the point of tangeiicy of the V projection of a light 
ray. 

Another easy way of hooking at the problem is 
illustrated in Fig. 12. In this case the back of tlu^ 
niche has been cut away, leaving a flat-backed niche. 
The shadow of llio front circh? on the back of the nic}H‘, 



Fu;. 12.—Sharlow.s of ti flatr-baokod niche. 


is a circle of th(‘ same radius with its center at o', 'i'he 
point d[ where t his circle touches the spherical head is 
the shadow on the sphere of some point D lying on 
the shadt‘ line and is the same point d[ obtained in Fig. 
11, if the battk of the niche is taken at the same place 
as plane R. Therefore other flat backs to the niche 
could be imagined and more points found on the 
shadow line. When sufficient points have been 
obtained, they are connected with a smooth curve to 
give the outline of the shaciow of the niche. 

This method may also l>e used to find the shadow of 
some other o})ject on a surface of revolution. 

The Shades and SIwdows of a Torus .—A torus is a 
surface of revolution generated by revolving an arc of 
a circle about a line in the same plane. It is used 
frequently in connection with moldings such as the 
base, of a column. 

To find the shade line of a torus it is necessary to 
find the line where a (‘ylinder of rays, having every 
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element tangent to the torus, touches the torus. 
This curved line is the shade line and is found by 
passing cutting planes parallel to the light rays, as 
plane R in Fig. 13. The intersection of this plane with 
the toms is then found, and the point P where the 
light ray is tangent to this curve of intersection is one 
point on the shade line. Other/planes are passed 
parallel to plane R and other points located. After 



Fui. 13.—Shade line of a torus. 



the shade line has been found, the shadow of the torus 
is found by getting the shadow of the shade line on 
whatever surface it may fall. 

A shorter and more direct method of locating the 
shade line of a torus is as follows: 

Points 1 and 6, Fig. 14, are located directly (points 
of tangency of the elevation of the light ray and the 
elevation of the toms). Points 4 and 8 are located 
directly in plan and projected to the elevation. Since 
the toms is a surface of revolution, it is symmetrical 
about A Bf consequently its shadow^ must tq Symmetri¬ 


cal about AB also. This makes it possible to locate 
points 3 and 7, which are symmetrical with 1 and 5, 
The two remaining points, 2 and 0, are on the plane of 
symmetry A B, which must be revolved into the posi¬ 
tion showm at ArBr. The section cut by this plane of 
symmetry, when revolved to ArBr^ coincides with the 
elevation of the toms. Since this plane AB contains 
the light ray, the revolved or true angle of the light 



ray must be used. Using this revolved or tme light 
ray a'6', the points of tangency w^ith the section cut 
l)y AB (points 2' and ()') are found. These points are 
projected to the plan at 2r and 6^ and are then revolved 
back to the original position with plane AB (points 
2 and (>)- These points, 2 and 6, are then projected to 
the elevation, and a smooth curve for the shade line 
is drawn through the eight points now found. 

Shades and Shadows of a Sphere .—The shade line on 
the sphere will be a circle the projections of which 
may be found by means of an auxiliary view on a 
plane parallel to the light ray, as shown in Fig. 15. 
The ellipse may be constructed by any of the standard 
methods. 

Although a point-by-point solution could be found 
by using a series of points on the circle, it is simpler to 
find the shadow of the enclosing square and then 
constmet an ellipse in the shadow rhombus by one of 
the standard methods. 

A series of circles on the sphere parallel to the sur¬ 
face on which the shadow is cast could also be used 
since each circle would cast a circular shadow and the 
entire shadow would be the envelope of all the circular 
shadows as shown for the upper part of the sphere in 
Fig. 15. 
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7. Shadows of Lines in Perspective. —The princi¬ 
ples concerning various types of lines which were 
summarized as rules in paragraph 5 for orthographic 
projection may now be stated in terms that apply to per¬ 
spective, and in particular to two-point perspectives. 

a. Lines Parallel to a Plane. (1) Horizonial Plane .— 
Since the shadow of a line that is parallel to a plane is 
parallel to the line itself, a horizontal line and its 
shadow on a horizontal plane, being parallel, must 
have the same vanishing point in the horizon. 

(2) Vertical Plane. —Since a vertical line is parallel 
to the vertical j)lane P.P. and has no vanishing point, 
the shadow of such a line on the vertical plane will be 


rays. It will be noted that V.P.S. and V.P.L.R. are 
always in the same vertical line. 

For the purpose of determining shadows in per¬ 
spective the vertical line is one of the most important, 
since the shadow of any point may l>e found by deter¬ 
mining the shadow of a vertical line through the point. 
A vertical line resting on a horizontal floor is illus¬ 
trated in Fig. lb. The orthographic projection of 
the line AB is givi^n in Fig. Urn with MN as the direc¬ 
tion of the light ray. If a line is drawn through A 
parallel to MNj the vertical projection will be aih\ and 
the horizontal projection ah. Since the vertical 
projection of the floor is represented by the ground 



parallel to the line itself, that is, a vertical line. This 
is true, not only for the picture plane, but also for any 
plane perpendicular to the horizontal plane. 

b. Lines Perpendicular to the Horizontal. —Since the 
shadow of a vertical line on the horizontal plane is 
parallel to the direction of the horizontal projection 
of the light ray, the shadow will vanish at a point on 
the horizon line that must be determined in the usual 
way, as shown for V.P.S. in Fig. 16. 

8. Vanishing Point of Light Rays. —The vanishing 
point of light rays is almost indispensable in finding the 
perspective of shadows. Since the light ray is an 
inclined line, its vanishing point may be found by the 
method of paragraph 4, Chap. X. The method is 
i^ain illustrated in Fig. 16. From s draw' a line 
parallel to mn until it pierces the P.P. at v, at wWch 
point drop a perpendicular. From draw^ a line 
pjarallel t# mini until it crosses the perpendicular from 
which is V.P.L.R, the vanishing point of light 


line, the point h will be the piercing point of the ray in 
the floor and, consequently, the shadow of A on the 
floor. As B rests on the floor, the shadow^ oi A B w’ill 
l)egin at b and extend along the horizontal plane in a 
direction parallel to the horizontal projection of MN. 
Since a, is the shadow of A, the shadow of the line 
AB must begin at b and end at a,. By following 
this principle, the shadow of any point may l>e found 
if a vertical line is drawn or assumed through the point 
and the shadow' of that vertical line determined. 

This principle can be applied in perspective, as 
illustrated in Fig. 166. Line AB is a vertical line 
casting a shadow on a horizontal floor. In the pre¬ 
vious paragraph it was shown that the shadow' of AB 
would be a line on the floor beginning at B and running 
parallel to the horizontal projection of MN: There¬ 
fore, after finding the perspective of the line AB, the 
next step should be to find the perspective of that line 
which we know is going to be the shadow' of AB, 
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namely, a line on the floor beginning at B and being 
parallel to the horizontal projection on MN. First, 
find the vanishing point of that line in the usual mam 
ner. Draw through s parallel to mn, and through .si 
draw a horizontal line to V.P.S., which is the vanishing 
point of the shadow. This vertical projection was 
drawn horizontally because we know that the shadow 
is a line on the floor and therefore a horizontal line. 
The line joining Bp to V.P.S. gives the direction of the 
shadow of AB. Next the perspective of the light ray 
through A is drawn by finding its vanishing point 
V.P.L.R. and joining the vanishing point to A p. The 


the perpendicular to V.P.S. Points on the shadow of 
the circle as, for example, were located by draw¬ 
ing rays from the points like Ap to V.P.L.R. Note 
that the diagonal of the enclosing square was used 
to establish four points. 

9. Methods of Specifying Direction of Light Ray — 

To illustrate further the method of finding the per¬ 
spective of shadows, three problems will be discussed 
in which the direction of the light ray is specified in 
different ways common in the practice of the art. 

Direction o f Light Ray (riven by Its Projections, —The 
principles outlined in the preceding paragraphs may be 


<7 



light ray from ^4;, to V.P.L.R. crosses the shadow of 
AB bA i4*p, which is the perspective of the shadow of A 
and therefor© BpA»p is the pei*spective of the shadow 
of AB, A second illustration of the use of a vertical 
line in finding shadows is shown in Fig. 17, where the 
perspective of a vertical circle parallel to the picture 
plane and its shadows on the ground has been found. 

Since the circle is parallel to P.P,, its perspective is 
also a circle. This has been determined in Fig, 17 by 
locating the center Cp and one point on the circumfer¬ 
ence Ap by the combination visual-ray and vanishing- 
point methods. Next the vanishing point V.P.S. for 
shadows of vertical lines on the ground has been found 
by drawing through s parallel to ah and through 
s' parallel to the horizon and finding the piercing point 
of this line with P.P. 

The vanishing point for light rays V.P.L.R. has 
been found in a similar manner as indicated in the 
figure. Five vertical lines were drawn through points 
on the circle and their shadows drawn from the foot of 


applied to objects, as illustrated in Fig. 18. The first 
step in finding shades and shadows in perspective 
is to locate V.P.S. and V.P.L.R. by the method pre¬ 
viously described. Then, to find the shadow of a point 
such as 0, the shadow of the vertical line on the floor 
must be located, by drawing from the base of the line 
toward V.P.S. This gives the shadow of the vertical 
line as long as it stays on the ground, but, when it 
meets the base of the vertical plane, the shadow must 
Ix^come a vertical line (see paragraph 7(a2)). By 
drawing the perspective of a light ray from Op to 
V.P.L.R. the shadow of 0 is found at the intersection 
of the ray with the vertical shadow at 0»p. By the 
same method the shadow^ of A may be obtained. 
Since AB is parallel to the ground, the shadow^ of AB 
on the ground must be parallel to the line, which 
means that it has the same vanishing point as A 5 in 
perspective. Therefore the shadow of AB may be 
found by drawing from towwd V.P.R., which is 
the vanishing point of AB, The shadow of B can 
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then be found by locating the point where a light 
lay from Bp to V.P.J..R. crosses the shadow of AB. 

The shadow of O can also be found by drawing the 
light ray in the plan through 0 until it hits the edge- 
Avise view of the vertical plane. A visual ray may 
then be used to locate the point O^p on the light ray 
from Op to V.P.L.R. 

Direction of Light Rays Given by the- Shadow of a 
Point Located in Plan or Perspective on the Ground. —To 
find shades and shadows in perspective, the direction 
of the light ray may be given by loc^ating the shadow of 
some point either in plan or in perspective. In Fig. 


V.P.S. and a line drawn from Ap through A^p to a point 
in projection Avith V.P.S. locates V.P.L.R. 

In Fig. 19 it should be noted that the shadow of the 
chimney on the roof has l)cen located in plan first and 
projected to the perspective by means of visual rays. 
The shadow can also be obtained in the perspectiv(‘ 
by assuming a vertical plane A BCD through the hip 
rafter of the garage and finding the shadow of tlu' 
vertical liiu' of the chimney on the ground to the base 
of that plane and then vertically on that plane until 
it (bosses the hip rafter at Gp. This point can be 
connected f.o tlu^ point on tin* eMA'(‘s to give the shadow 



19 ttfe shadow of point A has been chosen in the plan 
at a,. By connecting a with in the plan we get the 
direction of the horizontal projection of the light ray, 
from which V.P.S. can be located. Then, by joining 
Bp with V.P.S., the direction of the shadow AB is 
obtained in perspective and can be found as a 
point on that shadow by means of a visual ray. If a 
line is drawn through Ap and A^p and continued to the 
vertical projecting line from V.P.S., a point is located 
that will be V.P.L.R., and from there the procedure 
is the same as in the preceding problem. 

The same result could have been obtained if A^p had 
been located instead of a,. In that case a line drawn 
from Bp through A»p to the horizon would locate 


on the garag(‘ rf)of. It is important that the student 
keep in mind the fact that V.P.S. is the vanishing point 
of the shadow of a vertical line on a horizontal plane, 
and consequently the shadow of the chimney on the 
roof does not vanish at V.P.S. 

Direction of Light Ray Given by the Shadow of a 
Point Located in Perspective on Another Object. —To 
give the desired effect it is occasionally necessary to 
choose the shadow of a certain point in the perspective 
so that it falls on some object instead of on the ground. 
Figure 20 shows the perspective of a cone and a box 
wjth a slanting top. As in the other examples it is 
first necessary to locate V.P.S. and V.P.L.R. The 
first step in locating these vanishing points is to 
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assume a vertical plane DEFG through the box and 
containing The next step is to find the shadow of 
a vertical line through A, which is the axis of the cone, 
on the section plane just as though the front of the 
box were removed This shadow will be a vertical 
line from A^p to the ground at Bp. From there the 
shadow will fall on the ground joining Bp and the 
base of the axis of the cone. This line is the shadow 
of a vertical linc^ on a horizontal plane and conse¬ 
quently must vanish at V.P.S., w^hich will be found by 


shadow' of A on the ground at A^\ just as though the 
box were not there. From A^i, lines can be drawn 
tangent to the base of the cone to give the shadow of 
the cone on the ground. The points of tangency of 
these lines determine the position of the shade lines on 
the cone, and so the left part of the conical surface 
can be shaded. The shadoAv of the apex on the front 
vertical plane of the box is located at .4*2, and from 
there lines (;an bedrawm to the points where the shadow 
of the cone on the ground crosses the lower front edge 



Fig. 19.—Shadows in perspective. 


extending tliis shadow line until it intersects the 
horizon. V.P.l^.R. can .be found by drawing the 
perspective of a light ray from Ap to A^p and extending 
it to V.PX.R., w hich is in projection with V.P.S. In 
this case the shadow^ of the vertical line on the ground 
is horizontal, so that V.P.S. will be at infinity on the 
horizon. Then, when the light ray is extended to a 
point below V.I^.S,, it is seen that V.PX.R. is also at 
infinity on the perspective of the light ray. This 
means that the perspective of the shadow of a vertical 
line on a horizontal plane will in this case be horizontal 
and that the perspective of every light ray will be 
parallel to ApA^p. 

10. Shadow of Cone.— The shadow of the cone in 
Fig. 20 may be found by obtaining the inaaginary 


of the box. This locates the shadow of the cone on the 
front face of the box Finally A^p is joined tb the 
points where the shadow of the cone on the front face 
of the box crosses the upper front line of the box, thus 
locating the shadow of the cone on the inclined plane. 

11. Shadow of a Cyhnder. —The shade line of a 
cylinder consists of two straight elements of the 
cylinder and a half circle on each base. To find the 
shadow of a cylinder in any position, the shadow of a 
series of points on the shade lines must l)e determined* 
Usually it is easier to find the shadow of each base 
completely and draw lines tangent to these shadows to 
determine the shade lines. The shadow of a vertical 
cylinder has bee» found in Fig. 21a by locating the 
shadow of a series of points on the tipne*" base. The 
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conHtruction consists of drawing a vertical line through be readily transferred to the perspective. However, 
the point and getting the shadow of the vertical line it is occasionally necessary to determine the direction 
as previously explained. When the shadow of the of the light ray in the elevation. In Fig. 22, the 
upper base has been found, lines may be drawn perspective of a hollow cylinder has been found, and 
t angent to the lower base and the shadow of the upper the complete shadows are desired. The shadow^ of the 



I^PL R af zhZ/rfi/y 

Fig. 20.—Shuclow of a cone on aootlier object. Light rayn parallel to Uit* pictUK* plane. 



base, thus enclosing the shadow of the cylinder. The cylinder on the floor may be found as c.\i)lained in 
points of tangency on the lower base determine the the previous paragraph, but the front (urcle also 

shade lines of the cylinder. Figure 216 shows a casts a shadow on the inside surface of the pipe, 

similar construction for a horizontal cylinder. The first step in finding this shadow is to find the 

12. Shadow on the Inside of a Cylinder. —Simple direction of the light ray in the elevation. This is 

shadows can usually be obtained either in the per- done by setting up the auxiliary plane 3 in such a 

spectiv? itself or in the plan, from which they can position that the same view of the object as used in 
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the elevation will Ije given. The auxiliary projection 
oi the light ray is determined, and the angle x 
between 0-3 ground line and msUs is measured. By 
laying off the same angle A’^ with a horizontal line in 
the elevation, the direction of the light ray is deter¬ 
mined. Now, if the shadow of any point such as A is 
to l>e found, a light i-ay can )>e dc^wn througli A in 
the elevation and the shadow of A must fall somewhere 
on the element CD, The perspective of A and CD 
can be found at Ap and CpDp by the usual rules. 
Then a light ray drawn from Ap to \M\L.R. will 
intersect CpDp at A^,,, which is one point on the 


tion of the point of sight to one side, is slightly 
elliptical. 

Instead of finding the shadow of each of the circles 
used in obtaining the perspective, it is somewhat 
simpler to find the shade line on the sphere by aux¬ 
iliary projection on a plane parallel to tlie light ray, as 
illustrated in Fig. 23. If the shadow of the points 
where this shade line crosses the circles used for the 
original construction is found, the outline of the 
shadow may be determined directly with less effort 
than with the method suggested in the preceding 
paragraph. 



shadow. This may be refa^ated for other points until 
the complete shadow has l>een obtained. This 
shadow may also be found in the plan at a* by locating 
the horizontal projection of CD and drawing a light 
ray parallel to mn, 

IS. Shadow of a Sphere. —Obtaining the shadow of 
a sphere in perspecth e is not a difficult theoretical 
problem, but it does involve a considerable amount of 
work. It is necessary to pass a series of planes 
through the sphere, find the perspective of the circles 
cut out . by the planes, and then find the shadow of the 
circhis. The shadow of the sphere will be the envelope 
enclosing the shadows of all these circles. In Fig. 23, 
the planes have 1>een passed parallel to the picture 
plane, and their perspectives will therefore be circles. 
The envelope of this series of circles is the perspective 
ol the sphere, v^hich in this case, because of the loca- 


14, Shadow on a Sphere or Cone. —In this problem, 
it is necessary to find the shadow of a circle on a 
conical or spherical surface, and for this the usual 
methods are not sufficient. To find the shadow it 
will be necessary to pass a series of cutting planes that 
are parallel to the circular shade line and cut circles 
from the surface. When the shadow of the shade line 
on one of these planes is found, the points where the 
shadow crosses the line of intersection will be points on 
the actual shadow. By taking a sufficient number of 
planes, a smooth curve can be drawn, which will out¬ 
line the shadow. In Fig. 24, plane 1-1 has been passed 
through the cone and cuts a circle from the cone, whose 
center is B. Tliis is shown in light lines in the per¬ 
spective. The shade line of the cone is the front 
circle whoso center is at A ; so the shadow of A has been 
found by drawing the light ray through A in the plan, 
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complete construction is j^iven for plane 1-1 only for 
explanation, l^lane 2 illustrates an easier and faster- 
solution. The intersection and shadow are located in 
the elevation where they will show as circles whose 
intersections locate points D. The perspective of 
these points can now be found by the usual method. 
When sufficient planes have been passed, a smooth 
curve can be drawn outlining the shadow. 

When it can be drawn in parallel perspective, the 
solution is comparatively easy, since all the circles will 
show as circles in the perspective. This method is also 
useful in finding shadows on the inside or outside 
surface of a sphere or any surface of revolution. 

16. Shadow of an Object on a Cylinder.— Many 
times shadows of an object ^vill fall on a cylindrical 
surface, and the draftsman will be required to find 
the shadows. The solution is usually quite easy, as 
illustrated in Fig. 26. A series of cutting planes are 
passed through the cylinder, and the shadow^ of the 
shade line is found on the ground and on the vertical 
plane. Where this shadow cuts the top line of the 
section plane is one point on the final shadow. Com¬ 
plete constnictidn for four points has been shown in 
Fig. 25. Thiis same construction can be used to find 
the shadow of a line on a sphere. 


perspective, and elevation. The piercing point of 
this light ray in plane 1-1 is shown in the elevation at 
A,. This point can be located in the perspective at 
Agp and by measurement from the center line in the 



plan at This point is tlie shadow of A on plane 1-1 
and the center of a circle having the same radius as 
the shade line. The perspective of this circle is 
t he other light ellipse that crosses the first one at Cp^ 
thus locating two points on the shadow line. The 
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16. Reflections.- -*()(H^a.si()nally perspectives of 
buildings, bridges, dams, and the like are drawn wdth 
water in the foreground. In that ctise the reflections 
of the structures and trees add interest to the pictures. 
Figure 26 represents a vertical line resting on the wat er 
with the point of sight at S and the picture plane 
shown edgewise. If a ray of light is drawn from so 
that it strikes the surface of the water and reflects to 
Aj we know from the laws of physics that the angle of 
reflection must equal the angle of incidence, or, in 
other words, the angle X must equal the angle Y, 
Then, with the point of sight at S, ar becomes the 
reflection of Aj and its perspective will be at arp 
where the ray of light pierces the picture plane. 
Now, if the ray Scir is continued to Ar, the angle Z 
must be equal to the angle A", by geometry, and there¬ 
fore equal to angle F. If angle Z equals angle F, 
the distance AB must equal the distance ArB, because 
the triangles A Bar and ArBar are identical. This 
gives a method of finding the perspective of the reflec¬ 
tion by reversing the elevation of an object about the 
water line and finding the perspective of the reversed 
elevation that will be the same as the perspective of 
the reflection. This method is illustrated in Fig. 27. 

Then, since AB md ArB in Fig. 26 have been 
constrmsted equal, by geometry of similar triangles, 


apbp must be equal to arphp. This gives an easier 
method of finding reflections directly in the perspec¬ 
tive, as illustrated in Fig. 28. If Op is located as the 
perspective of a point on an arch, the reflection Orp 



Fio. 28.—Short method of obtaijiing reflcn tioiis. 


may be found by projecting 0 to the water lc^'el at Mp 
and then laying off the distance OpMp below Mp to 
locate Orp- This means that the perspective of a 
reflection may be found by (1) assuming a vertical 
line through any point, (2) finding the place where 
that vertical line pierces the plane of the water sur- 
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face, and (3) laying off the distance from the per¬ 
spective of the point to its projection on the water, 
below the water level. This may be done very 
rapidly, since all the points in a plane will project 
on one line on the surface of the water. 

17. Vanishing Points in Reflection. —In drawing 
reflections of objects, it should be^ i*emembered that 


representing the perspective. Owing to wave action, 
the horizontal lines of the figure tend to disappear, and 
the vertical lines assume a wavy broken appearance. 
To represent the surface of the water, a very light tone 
should ))(' placed on the area, and a series of short 
broketi horizontal lines help to establish the surface of 
the watei’ as a horizontal plane. These lines should 



r'lii. 29.—of ail arcli. 


horizontal lines have the same vanishing points in the 
reflection as in the true perspf^ctive (see Fig. 27). If 
the point of sight were chosen at the water level, the 
theoretical reflection would be an exact duplicate of 
the perspective, but, since the point of sight is raised, 
the horizon is also raised so that the perspective* 
effect of the reflection is increased. 

18. Techniques. —The technique of representing 
the reflection is somewhat different from that for 


get closer together as thej" get farthei’ away. The 
vertical lines of the reflection are made slightly wavy 
and }>roken at each wave. Only enough of the hori¬ 
zontal lines are shown to give the effect. By means 
of an eraser and shield, horizontal high lights may be 
made to represent the reflection of light from a wave. 
Shades and shadow s may be shown on the^ water 
surface, but the general tone of each should be darker 
than on land (see Fig. 29). 





CHAPTER XII 


PERSPECTIVE SKETCHING 


1. After a thorougli knowledge of theoretical per¬ 
spective has been obtained, the art of freehand sketch¬ 
ing in perspective becomes jmncipally a matter of 



I'Ki. 1. Pluiio pjirallel to tlic picture plane. 


[)roportion or judgment of distance's and the develop¬ 
ment of a technique. 

Even without a knowledge of exact perspectivtr, 
many artists learn to make ex(‘(‘llent perspective 


drawings. In that case they must accept on faith 
or visualize certain principles that were proved in the 
preceding chapter. 

2. Rules of Perspective. —The most important of 
th(‘se principles are the following: 

a. Plane figures that are parallel to the picture 
plane show in perspective in true shape but decrease 
in size as the distance from the ol)server increases 
(s(o Fig. 1). 

I). The method of drawing parallel lines in per¬ 
spective depends on iho. position of the lines in space. 
To anyone who would attempt perspective sketching, 
the following rules must be thoroughly familiar. 

(1) All lines that are parallel to th(‘ picture plane 
will show in perspective as lines parallel to their 
original position (see Figs, la and 26). 

(2) Lines perpendicular to the picture plane will 
vanish in perspecrive at the verti(*al projet^tion 
of f he point of sight as shown in Fig. 2a. 
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(3) Lines that are parallel to the horizontal but 
inclined to the picture plane will vanish at a 
point on the horizon as illustrated in Fig. 2c. 

(4) Oblique lines that point upward and to the rear 
will vanish at a point above the horizon (see 
Fig. 2d). 

(5) Obhcpie lines that point downward and to the 
rear will vanish at a point below the horizon, 
as in Fig. 2c. 



CO 
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Fio. 3." </ircle8 above and l>elow the horison. 

C* A horizontal circle at the level of the observer’s 
eye shows as a line. Above or below the eye, it 
appears as an ellipse, and as the distance from the 
horizon increases, the ratio of the minor axis of the 
ellipse to the major axis increases, as shown in Fig. 3. 

d. In perspective sketching, when a circle shows as 
an ellipse, the minor axis of the ellipse should coincide 
with the axis of a right cylinder of which the circle is 
one base. The major axis of the ellipse should be 
perpendicular to this axis. Although this is not the¬ 
oretically true for every position of the circle, it is 
very close when the point of sight has been properly 
chosen (see fig. 4). 

3. Per8pecti?l^ of a Plane Figure. —In any shetching 
it is best to assume two vanishing points on a hori¬ 


zontal line as far apart as convenient. They will 
represent the vanishing points of the two main sets of 
horizontal receding lines that are at right angles to 
each other. It is also well to assume the position of 
on the horizon as this will determine the appearances 
of the perspective and also provide a vanishing point 
for lines perpendicular to the picture plane. Other 
vanishing points may be chosen as needed or desired. 
The drawing should be placed at, a convenient position 



I'Hi. 4.-- Major axis of Mio ollipHe perpendicular to the axis of (he 
cylinder. 


bclow' the horizon, the actual distance depending on 
the relative importance of the horizontal and vertical 
faces. 

After the desired setup has been obtained, it is 
possible to begin sketching plane surfaces. Some of 
the more common plane surfaces are discussed in th<^ 
following paragraphs. 

Square .—Almost any four-sided plane figure could 
be the perspective of a square in some position as 
seen from some point of sight. However, most of 
these positions would not be good perspectives with 
a well-chosen point of sight. There are certain posi¬ 
tions in wiiich the square usually occurs and others 
that are possible in a good perspective but of less fre¬ 
quent use. It is very important that the student learn 
to proportion a square in various positions because it 
is frequently used in drawing other plane figures. A 
few of the feasible positions for a square are shown in 
Fig, 5. Approximate proportions for vertical squares 
are shown in Fig. 6 for several convenient arrange¬ 
ments of an object with a suitable location of point 
of sight. 

Circle .—In sketching mechanical parts, the plane 
figure most frequently encountered is the circle. In 
most cases, the easiest w^ay to obtain the perspective 
of a circle is to sketch first the square circumscribii^ 
the circle. By drawing the diagonals of the siquare, 






for squares in standard positions. 
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th(3 perspective of the center of the circle may be 
located. From the center the main center lines may 
be drawn, giving the points at which the circle is 
tangent to the sides of the square. It is then only a 
matter of practice to be able to sketch an ellipse inside 
the perspective of the scjuare. Figure 7 shows this 
construction for various positions.-' 

Sometimes the axis of a cylinder may be known, but 
it may be in such a position that it would be difficult 
to draw the square in the plane of the base. In that 
case the major axis of the ellipse is made perpendicular 
to the axis of the cylinder, while the size and shape of 


the ends of the principal diameter of the circle, thus 
locating the six sides of the hexagon, as in Fig. Sri. 

4. To complete the sketch of a nut, inscribe a circle 
within the hexagon which will be the chamfer circle. 
Draw the vertical lines from the corners of the hexa¬ 
gon long enough to give the proper proportion to the 
nut. Draw the curves in the vertical faces so that 
they will come tangent to the upper hexagon at the 
same point as the cliamfer circle (see Fig. 8c) . 

5. Draw the circle representing the hole in the nut 
and parts of others representing the threads. For 
practical purpose's this cii*(*le can be made slightly 



the ellipse is proportioned by eye. Experience and 
practice will enable the draftsman to become quite 
proficient in obtaining the correct proportions. 

Hexagon .—The hexagon, which appears most fre¬ 
quently in the representation of bolts and nuts, is 
drawn by using the square. Since each side of the 
hexagon is equal to the radius of the circumscribing 
circle, the hexagon may be drawn in perspective by 
laying out the distances indicated in Fig. 8a. The 
perspective of the hexagon may be completed in the 
following steps. 

1. Sketch the perspective of the circumscribing 
square and circle, as in Fig. 8/>. 

2. By the use of diagonals divide each radius in 
half, and locate points 6V, and Dp on the circle 
(Fig. 8c). Note that the distan(!e 0T34r is very small 
so that it usually can be estimated or neglected unless 
the figure is unusually far from the horizon. This will 
obviate the nec^ity of drawing the circle. 

3. Connect points Ap and Bp and also them to 


larger than one-half the size of the original circum¬ 
scribing circle. Clean up the drawing to show the 
nut, as in P"ig. 8/. 

Rectangle by Doubling the Square .—It is frequently 
convenient to be able to form a rectangle in perspec¬ 
tive, and occasionally direct proportioning of the sides 
is difficult by eye. If the ratio of the two sides is 
known, a square can be drawn with sides equal to th(i 
small side of the rectangle and these squares dupli¬ 
cated in the perspective until the proper rectangle is 
achieved. Figure 9 shows two easy methods of 
duplicating the square by means of diagonals. In 
Fig. 9a the rectangle has been drawn with the long 
side tluee times the small side, while in Fig. 96 the 
ration is 2yi to 1. 

4. Perspective of a Cube. —Drawing the perspective 
of a cube involves drawing squares in three differ¬ 
ent planes. The size of the cube may be determined 
by placing the front edge in the picture plane, in which 
position it may be drawn true length or to any scale 
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It must ))(» ronmmberod that only lines 
lying in tlu‘ piclun' plane will show true length in 
perspecrtivc. 

The choice of position for this front (Corner will 
determine the appearaiK’e of th(^ perspective. When 
the front corner is ecpiidistant from the two prin¬ 
cipal vanishing points, the right and left vertical faces 
of the cul>e will appear ecpially fores)lortened in the 
drawing. If the front corner is placed nearer the 
right vanishing point, the right face will l)e greatly 
foreshortened and the left face w ill appear larger and 
more prominent in the perspective. The reverse will 
he true if th(^ front corner is placcnl n(;arer the left 
vanishing point. 

The size of the top face in the perspective will be 
governed by the distancje the front corner is placed 
above or below" the horizon. As that distance is made 
greater, the perspective of the top facje becomes larger. 

By following the steps outlined below, the perspec¬ 
tive of a cube may be obtained. 

1. Draw^ a horizontal line, called the horizon, and 
on it assume tw"0 vanishing points as far apart as 
possible. For large drawings these vanishing points 
are frequently beyond the limits of the paper but must 
always be on a horizontal line. Place the front edge 
of the 4 ?ul>e in such a position with respect to the 
vanishing points that the desired ^’iew of the cube will 
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be obtained. The relative size of the (nibe will be 
determined by the length of this line (see Fig. lOa). 

2. Draw lines to both vanishing points from the top 
and bottom of the vertical line, as shown in Fig. 106. 

3. Complete the perspective of the cube b}^ drawing 
the back lines in such a position that the three faces of 
the cube will be stpiares. This involves estimating 
distances on the receding axes and requires practice to 
develop judgment (see Fig. 10c). For this particular 


that edge can be laid off in true scale (see Fig. 116). 
In this case the front corner is placed nearer the right 
vanishing point so that the left face will be more 
prominent in the sketch. 

2. Pick out the over-all dimensions of the object, 
3 by 4;44 by 2J4, and build a box of that size in per¬ 
spective, establishing the scale by means of the front 
corner line. These proportions may be determined 
by eye or by building squares of certain size and dou- 





pdsition the width of the vertical faces should be a 
little more than half of the height of the front corner. 

6. Sketching a Perspective from pie Orthographic 
Projections of an Object —When working from the 
orthographic projections, the perspective must l>e 
built up by properly proportioning known distances, 
since the object is seldom available for copying. This 
type of drawing requires the ability to proportion 
distances in perspective and the ability to draw lines 
and planes in various positions. 

A suggested procedure for draw ing the object shown 
in Fig. 11a is given below . 

1. Draw the hoiizon line and choose the position of 
the vanishing points. Locate the front vertical edge 
of the object in picture plane so that di^ances on 


bling them. Thus a 2 t 4 -in. square could be built on the 
left side and doubled, giving a side 4in. The actual 
length, 4% in., can be closely approximated by adding 
a very little to that dimension. On the right side a 
2j4-in. square could be built and another half square 
added to give a dimension of 3% in. This dimension 
can be arbitrarily reduced slightly, and the proportions 
of the box will be very close to the desired figures. 
This is shown in Fig. 11c. 

3. The details may be added one at a time by pro¬ 
portion. It is usually convenient to begin 'vrith a 
vertical dimension since that can be laid off in true 
scale on the front comer. Thus to locate the base, 
the height of % in. can be marked off oh the front 
corner. By dofubling a ^-in. square, the M-in. 









INDUSTRIAL PHODIJCTION ILLUSTRATION 



distance to the left may bi^ determined at. but h ends of 
the object. Lines drawn to the proper vanishing 
points will then complete the base of the figure. 
Figure lid illustrates this step. 

4. By similar procedure the other straight-line 
details may be added as in Figs, lie and/. ISote that 
one set of inclined lines vanishes at a point above the 
horizon, whereas another set vanishes at a point below 
the horizon. 




Flu. 14.-"Objects coitipotied of sin/ajlc component.^. 

5. The only other details to be added are the circles, 
which are drawn by first sketching a square in the 
proper plane and inscribing the circle in the square. 
This is illustrated in Fig. 11^. 

6. The completed sketch is shown in Fig- llA. 

6. Analysis. —Before touching pencil to paper, the 
student must learn to analyze his subject, be it an 
object from nature or a machine. Geometrical pat¬ 
terns govern both. It is good practice, therefore, to 
study the forms of nature with a geometric eye*' or 
viewpoint. Observe the geometry of nature, as 
shown in Fig. 12. 

In nature as in engineering, the circle forms the 
basis for many patterns. Circular columns and 
arches, shafts, pulleys, and gears arc but a few of the 
applications of the circle. In most pictorial drawing 
these circles will all show as ellipses. Other geometric 
sliapes of common occurrence are shown in Fig. 13. 


Many o])ject.s that are composed (jf single compo¬ 
nents such as the frustum of a cone and the spheres, 
shown in Fig. 14, offer no great problem in sketching. 
Other objects, such as those shown in Fig. 15, are 
made up of several different components, and conse¬ 
quently the general pr{)porti()n8 are harder to obtain. 
In working with complicated objects, the propoi tion- 
ing may be very difficult. The suggestions given in 
the following paragraph should be helpful in solving 
this problem. 

7. Sketching Objects.—In sketching any object, 
wliether it is a machine part or a subject from nature, 
it is necessary that the observer hold the same position 
during the making of the sketch. A change of even a 
few inches in the position of the head may make an 
important difference in the appearance of the object. 
For this reason, it is well to study the subject carefull>^ 
and decide on the best point of sight, after which a 
chair may be placed and the drawing board or east‘l 
arranged in a comfortable position. It is well to 
mark the position of the chair legs with chalk. Then 
by sitting upright with the shoulders against the back 
of the chair, tw o points can be lined up with the eye so 
that the same position can be resumed when desired. 

Proportioning may be helped by holding a pencil at 
arm’s length and sliding the thumb nail along it to 
measure the various distances on the object. These 
may be compared directly with the drawing or the 
relation between various distances checked by eye. 
In using this method for estimating proportions, the 
arm must always be extended exactly the same 
amount, otherwise the proportions will be changed. 
If the drawing board is placed vertically in front of 
the draftsman, parallel lines may be transferred 
directly to the drawing by means of the pencil. 

As the drawing progresses it is well to place it 
beside the actual object and stand back to compare 
the proportions. Any errors that may be observed 
should coiteeted at once. 

It must always l)e remembered that, although speed 
is desirable, truth and accuracy are absolutely essential. 
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To ()l)tain accuracy in a skf^tch it is always best to 
outlirui th(i (iiitire object or build a l)ox that will 
on(*.lose it befor(' tryinj>; to put in any (l(3tails. After 
the outline has Ix^en cai'efully propoi’tioned and 
(‘he(^k(^d in as many ways as possible^ the actual MOrk 
of sketching!; the ol)ject may Ix' st.art(xl. In a com¬ 
plicated drawing it is often advisa))le to huive the wx)rk 
at intervals and (X)me back to it after a short rest. In 
this way errors may Ix^ seen that might have Ix^en 
overlooked. However, when doing this it is very 
important that the sk(‘tcher be al)le t.o assume 
exactly the same position that he previously 
held. ’ 

For the purpose of training the mind to gmsp the 
important characteristics of a subject and transfer 
them quickly to the paper, the timed sketch is very 
A'aluable. This is merely a sketch of a chosen subject 
done in a cei'tain limited time. A certain amount of 
practice of this kind is very good, but too much may 
lead to carelessness or inaccuracy. 

Another kind of sketching that is very useful in 
developing the imagination and the ability to absorb 
details is the memory sketch. For practice of this 
kind, the object is examined and carefully studied for a 
certain limited time and then removed. The drafts¬ 
man or artist then makes a sketch from memory. 
Much practice is necessary to become proficient in 
this form of sketching, but it is a very valuable asset 
to any engineer or draftsman. 

8. Kind of Perspective. —In choosing the location of 
the point of sight and the picture plane for a given 
sketch, 'certain factors must be kept in mind. 


a. 'riic point of sight should be far enc)ugh from the 
object so that tlic extreme \'isual rays to the outsider of 
the o]>j(M‘1 do not includi* an angle of more than 30 
deg., sin(*(‘ this is a)>()ut the limit of spa.(‘e taken in by 
the ey(' without turning the head. 



Fio. 16 .—Poor choice of point of —ovals di.stortcd. 
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h. The point of sight should be as near the center of 
the object as conditions permit. Placing it too far to 
one side or the other makes for distortion of the figure, 
because the obsei*ver will hold the picture directly in 
front of him and rarely attempt to view the drawing 
from a position comparable to a point of view far 
to one side. 

There is a distinct advantage to the use of parallel 
perspective in sketching certain kinds of subjects. A 
large machine, 12 oi* If) It. high, with many shafts and 



Fig. 17.’ A sketch -Bhnftn liorizontal, axes (jf ovals vertical. 

a train of gears might look like Fig. IG if viewed from 
close up and at an angle. In such a case the proper 
view would be to move the point of sight far away and 
place the picture plane parallel to the shafts This 
would give a parallel perspective that would look more 
like Fig. 17. 

There is another distinct advantage to this setup, 
because it enables the draftsman to use his T square 
for drawing the horizontal lines and the drawing has 
only one set of vanishing lines. 

9. Pseudo Perspective. —Objects that are cylindri¬ 
cal in shape, or primarily so, with only minor parts 
of more or less rectangular shape at right angles 
to the main axis, are leadily portrayed in oblique 
projection, as shown in Fig. 18. One major reason for 
using this type of projection is that the circles may be 
made with a compass on tlie finished drawing. 

On short pieces the outstanding elements of the 
cylinder are made parallel. On longer pieces, these 
outside elements may be drawn converging to a distant 
vanishing point, thus making what is called a ‘fpseudo 
perspective,'' sinee the vanishing point has been faked 


without tlie trouble of acjtually locating it. This is a 
perfectly legitimate short cut, since the drawing can be 
made to tell the truth better than a true oblique 
which in this case would be seriously distorted. 
Another pseudo perspective is shown in Fig. 19. 

10. Speed in Sketching.—Freehand sketching is 
used for many purposes in engineering delineation, 
but in almost every case, speed is a prime factor. As 
a basis for discussion the engineer must sketch as he 
talks to carry on the continuity of the conversation. 



I'jG. 18.— suitable for uiiliqiu* projoetion and pwcMido 
perspective. 



When the subject is moving or is available for only a 
short time, speed is essential. When the purpose of 
the sketch is merely to convey an idea and funds are 
limited, the sketch is much faster and therefore 
cheaper than a mechanical drawing. When a large 
number of drawings must be made in a short time for 
a rush job, the speed of freehand sketching is invalua¬ 
ble. It is therefore important for the en^neer to be 
able to make an acceptable sketch in a short time, and 
for that purpose he must have a thorough knowl¬ 
edge of the theory of all kinds of pictorial drawing and 
also know all the short cuts and tricks of the art. The 
artist or draftsman who makes his living in this way 
has still greater need for speed as well as accuracy, 
since he is in competition with others and must 
make the most of every minute. 




CHAPTER XITT 


SHADING 


1. Purpose of Shading.—J.ine drawings such as 
those described in the pi’cceding cluipters are used to 
show the shape and construction of objects. Most 
people understand such drawings because their 
experience and knowledge of similar objects helps 
them to supply, through tlieir imagination, the 



Fig. la. This may i)e accomplished hy lines or 
tones placed on the portions of the drawing in such a. 
way that they tend to aid the imagination in visualiz¬ 
ing the shape, material, and tinish of the ol)jeet, as 
illustrated in Figs. \b and c. Such shading is often 
referred to as nmdering or molding a drawing. The 




1.—Comparison of line drawing, rendered drawing, and pliotogrnph. 


information that is merely implied. Line drawings 
are entirely an invention of man for convenience in 
describing objects, but they are so commonly used 
that almost anyone is able to understand the drawing 
without thinking of the fact that it is not a true repre¬ 
sentation. In nature, sharp lines rarely exist and 
variations in shape are made known to the eye by 
changes of light intensity, color, texture, or material. 

The purpose of shading is to help bridge the gap 
between the natural object, as represented by the 
photograph in Fig. Id and the line drawing shown in 


best shading would be one where the surfa(‘cs aic 
renden^d with a complete tone of color showing th(^ 
high lights, shades, and shadow^s as they appear to the 
eye. With this type of shading, the lines may Ix^ 
omitted entirely, and the drawing becomes very life¬ 
like. Such a drawing would be made by an artist but 
is seldom necessary for engineering purposes. How¬ 
ever, complete rendering in black and white, by an 
airbrush as in Fig, Ic or by hand Jis in Fig. 2, is 
frequently used for catalogue illustrations and sales 
manuals. Some form of line rendering or stippling is 
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ordijiarily used on engineering drawings and is not an 
attempt to make the drawing appear- eompletel}^ 
lifelike, but rather to improve a conventional drawing 
by adding further con\-entions that help to indicate 
the position of surfaces, the shape or contour of 
objects, the material, the finish, and the principal 


machines or equipment that must be sold to the admin¬ 
istrative offices of the company. In short, when the 
purpose of the drawing is to impress an idea on some¬ 
one else for reason of jirofit, prestige, safety, and the 
like, the complete airbrush or similar rendering is 
usually the best. When it. is desired merely to convey 



high lights, or in other words to mold the obj(;ct so 
that it can be readily visualized (see Fig. 16). 

2, Choice of Method. Purpone .—The type of 
shading to be used depends on several things, each of 
which must be (considered by the draftsman before 
making his decision. The purpose of the drawing is of 
paramount importance and must have a bearing on 
the kind of shading. For instance, a drawing tlmt is 
to go in a catalogue to l>e used in selling the prcxluct 
should be made as lifelike as possible, which usually 
means airbrush or wash rendering. This aL^o applies 
to drawings representing suggested improvements in 


an idea in a clear-cut easily understood manner, such as 
shop drawings us(?d for production, shading is held to a 
minimum and the more simple forms of rendering, 
such as line shading or stippling, are used. 

Cost .—The cost of a project is always one of the 
first things that an engineer must consider, and in this 
case the coat depends on three factors, the degree of 
skill required, the amount of time necessary to do the 
job, and the amount of equipment involved. On all 
three items, the airbrush shading will be the most 
expensive and therefore should be used with discretion. 
Stippling requires very little ecpiipmeilt, is not too dif- 
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iicult for the urdinajy dniftsman to learn, Init does 
require considerable time to execute. Line shading, 
either freehand or mechanical, and smudge shading are 
probably best suited to ordinary engineering drawings 
when considering the cost. There are certain patented 
processes, which will be discussed later, that may 
speed up the shading work after tlie draftsman 
tecomes familiar with their use. In all such cases the 
cost of the pa])er or equipment must be compared with 
the saving in draftsman’s time before deciding upon 
their use. 

Time Available .—The amount of time available for 
completing the drawing will also have a bearing on 
th(‘ choice of method. If tin* drawing must be turned 
out in a short time, freehand line shadir^g will probably 
be best, with airbrush as the last, clioice. 

Method of Ueprod.netioa, —Anotlau* important fact.or 
in the choice of kind of shading will be the method of 
reproduction to be used. Amost any kind of shading 
may Iw reproduced by th(‘ various contact printing 
papers such as blueprint Howeveu*, th(‘ rev(‘rsal of 
high lights and shadows on a bluepi'int are mor(‘ 
objectionable when th(‘ shading has been done by 
airbrush or smudge shading than wluai line shading or 
stippling has been used. 

Line shading, stippling, and most of th<‘ patented 
processc^s can be reproduced by etcdiing or by offset 
printing, but those shadings which produci* an ov(‘r-all 
tone such as airbrush and smudge shading vill have to 
be reproduced for printing by means of a half-toiK^ 
photoengrav ing. The half tone is much more expen¬ 
sive t han the zinc etching, and whe^re cost is a control¬ 
ling factor, this must be considered. 

When a drawing is to be repioduced by etching or 
half-tone photoengraving, sonu; reduction is usually 
desirable. The draftsman must therefoia* keep this 
in mind and make his shading lines far enough apart so 
that they will give tlie desired effect when reduced. 
This also applies to patented papers and process(\s 

The following table indicates the ra(;thod of repro¬ 
duction that is best suited to various kinds ol shading. 



M(Mho<i of reproduction 

Type of shadiiifz; 

(V)Titaet 

Zinc 

Half 


1 print 

etching 

tone 

Line Hhading. 

X 

X 


Block shadiiiK. 

X 

X 


Hand stippling. 

X 

X 


Over-all pencil shading.. , 



V 

Snmdge shading. 



X 

Broad-stroke pencil. 



X 

Washe.s. 



X 

Airbrush. 



X 

Hand-sponge stippling... 



X 

Zip-A-Tone. 

X 

X 


Oraftint single and double 




to«ie. 

X 

X 



3. Location of Shaded Areas. Soutca: of Light .-— 
Since shading is primarily an indication of the light 
intensity on a surface, any change in t.he source of 
light will produce a corresponding change in the 
required shading. Because of tlu^ large numliei* of 
condit ions that may be produ(*.ed by varying the light, 
it is usually desiralde to choose a standard that may 
be applied to most drawings for engineering purposes. 
Thin standard light ray is assumf^d to be shining over 
the observer’s hdt shoulder or from the upper left 
c.orner of tlie drawing lioard. However, the drafts¬ 
man should not hesitate to change this if the drawing 
(\‘in be mad(‘ mor(', efh^dri e by using some other direc¬ 
tion of light. With the stamlard direction of light it 
is usually assumed that th(‘ top surface has the most 
light, the front or left side next, and the face that 
mak(\s the smallest angle* with the light ray tin* least 
light. The intensity of light on any fac(‘ may be 
determined by its relation to the light ray, that per¬ 
pendicular to the light ray recei\ing the most, with 
th(‘ light gi adually decreasing as t he face approaches a 
position parallel to the light ray. Facies that receive* 
no diie<,t ligiit. ire said to lx‘ in shade. The d(*grec 
of tone t.o be placed on those faces will depend on the 
material, color, and finish of the obje(*t and the amount, 
of indirect or reflected light that is concentr’ateil on 
those faces. 

Reflreted Light .—In addition t.o the main over-all 
lighting, there are usually other sources of illuminatiorr 
t.hat. cause high lights on the Aairious surfaces. It is 
not ne<‘es.sary to consid(U‘ all the high lights to be 
caused hy the same sour*c(‘ of light, but as many 



sources as n(*eded may be used t,o give the desired 
(*ffect. This means that if enough high lights are 
assumed, a flat suiiace may be shaded by putting in 
a comparatively small bl(x*.k of shading and that this 
block of shading may be arranged in any way that 
will producer a pleasing effect. This is logical since 
almost every room or shop has many sources of light 
or reflecting surfaces which for our purpose may be 
arranged in any desired manner The arenas of shad¬ 
ing are usually placed so that they will produce con¬ 
trasts of light against dark. That is, a shaded are.a 
of oiK^ plane will be placed adjacent to a light area on 
an adjoining plane. This is illustrated in Fig. 3. The 
texture or finish of a surface may be indicated to a cer¬ 
tain extent by the contrast between high lights and 
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Fig. 4,—Finiahed nnd roufdi aiirfaroK. 


shaded areas. Miglily polished areas will have very 
sharp contrasts between the high light»s and shaded 
areas with very white high lights and veiy dark 
shades, whereas dull or rough surfaces tend to 
change gradually from one to the other with a smaller 


range of tone (see Fig. 4). When contrasts are sharp, 
it is sometimes desirable to omit part of the outline 
and emphasize other parts. An emphasized outline 
seems to bring that part nearer to the observer. The 
appearance of the drawing may frequently I)e improved 
by making the front part of the outline heavy and 
tapering it off to a light line at the i-ear, as has been 
done in Fig. 4. 

Shadows .—The shadows that always occur when 
light shines on an object usually are neglected in 
engineering drawings because shadows tend to obsctire 
details. Occasionally, indications of shadows are 
desiral)lc to show up the shape of an object in a more 
interesting or pleasing manner. Figui*e 5 shows an 
object with some of the shadows indicated. 

Order of Procedure .—The mechanics of forming the 
shaded areas is also quite important. After complet- 
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ing the outline drawing, the areas to be shaded should 
l)e chosen with great care according to the principles 
stated above. Next, these areas may be outlined 
with a very light line, which can be erased after the 
shading is complete. No definite I'ule can stated 
for dettn'mining the relative size of the areas to 1 k^ 
shaded, but the draftsman must be governed by a 
knowledge of the amount of light that is l>eing reflected 
from each surface. It is important that. th(i shaded 
area he kept large enough to avoid a spotted (dfect, 
which spoils the appearaiuie of the drawing in Fig. 6. 



The technique of actually drawing th(^ shading lines is 
discussed later under th(‘ lu'adirigs of th(‘ \'arious kinds 
of shrulings. 

4. Methods of Shading.” In learning to shade an 
objtict, the student must first ])ccome familiar with the 
various papers, mc'diums, and techniques, fl'hc 
appearance of the finished drawing can be changed 
entirely by changing any one of these items. There¬ 
fore, the draftsman must know just what effc^ct is 
desired as well as the best and (juickest mcthcxl of 
producing that result. 


texts are listed at the end of this chapter. However, 
it seems proper to suggest the characteristics desired in 
a paper for certain conditions that may arise in the 
production of engineering drawings. For ink work, 
any good paper having a fairly smooth surface hard 
enough to take the ink without spreading will be 
satisfact.ory. Bristol board is excellent and normal 
paper quite satisfactory. For airbrush work, any 
good grade of paper having a smooth surface may bi* 
used. Strathmore is on(^ of the l)est grades for this 
purpose. P\)r special cMTects, a grained paper may bo 
useful. When t he drawing is to 1)0 rendenMl in pencil, 
the appearance of tlie drawing may Ik^ greatly 
afflicted by tlu' choicai of paper; thus a smooth paper 
su(!h as cameo, tiacing paper, or l)rist()1 board can b(‘ 
used for even tones and highly polisluid surfaces. 
Co(|uilki papers Nos. 2 and 3 have a comparatively 
rough surfac(i, No. 2 being tlui (ioarse grain, wliile No. 
521 eggshell paper has a. very rough surface, which 
may Ixi useful on hirge di-awings. A good grade of 
normal p;tpor or ledger* pafKa* is satisfactory for most 
engineering drawings. The difleniuce in appearance* 
that may be obtained by the use of these various 
papeas is i)lustrat(‘d in Fig. 7. Many other papers are 
available from the various papiir companies from 
wdiom samples can be obtained. 

Medium. .The choice of medium is so closely asso¬ 

ciated with selection of paper that thiiy should be 
decided upon at the same time. Each artist or 
draft.sman will soon have his owm favorite method of 
expression such as oil paint, w ater color, various kinds 
of crayons, airV)rush, charcoal, pen and ink, or pencil, 
with any one of which a wide variety of effects can be 
achicA'CHl. For the rendering of engineering drawings, 
w^e need consider only airbrush, pen and ink, pencil, 
c(u*tain patented methods, and occasionally crayons or 



Fig, 7.—Variety due to chauj^o of paper. 


Paper ,—The choice of paper depends upon two 
things: (1) the effect desired and (2) the method to be 
used to obtain that effect. It is not the intention of 
this text to present a complete list of the various kinds 
of paper and the purposes for which they may be used. 
There are many books on the subject to which the stu¬ 
dent msCf refer for further information. Some of these 


powders. Pen and pencil are interchangeable for 
certain types of shading, but for others the pencil 
alone can be used. Airbrush and crayons give dif¬ 
ferent effects which will be discussed later. Figure 8 
shows areas shaded with various materials. 

Technique ^—The technique for making the kinds of 
shading shown in Fig. 8 varies widely. Before trying 
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to apply the shading to an object, the student should 
practice the exercises given later under the different 
kinds of shading until he can produce a good smooth 
tone or a graded tone by the method desired. After 
the technique has been learned, the art of arranging 
small areas of shading so as to indicate the shape and 
at the same time give the idea of surface texture and 
reflected light must be acquired. When a satisfactory 
tone, either smooth or graded, can be made, the next 


surfaces from dark surfaces are made heavier. To 
shade a circle, the center is moved a short distance 
along the light ray in the direction that the light is 
shining and the shaded half of the circle redrawn, 
using the same radius. 

Cylindrical surfac(is are occasionally shawled, as 
shown on the right side view of Fig. 10. However, 
this tends to (rover up hidden lines and may be 
objectionable foi* that n'ason. 




SfKinge 

atipplirie. 



Air brush Wash tone. 

sliadiiiK. 

J' Hj. H.— Vuriouh kiiuls of shadiuK. 



Zip-A-ToJie, 



Craftint 

])oubl(*tono. 




Fio- 9.- -Geoinetiic .solids for practice shadinii;. 


step is to learn to shade simple* objects, such as th(.)s<* 
shown in Fig. 9. For this purpose the various methods 
of shading vdll now be explained in detail. 

5. Line Shading. Orthographic Drawings .—Even 
in orthographic projections it is sometimes desirable 
to add some indication of shape and depth in the views 
by means of shading. One method of accomplishing 
this is by making certain outlines heavier than others, 
as illustrated in Fig. 10. For this purpose the light is 
assumed to be shining down to the right in each view. 
The outlines on the right side and lower side of each 
view are made heavier to indicate the shaded sides of 
the object. To show a hole, the left and upper lines 
are made heavy, because these are the shaded sides of 
the hole. In other words, the lines separating light 


Flat Surjaces .—The first step in learning to do line 
shading is to practice making squares, like those 
shown in Fig. 11, until a smooth even tone or a graded 
tone can be produced. In mechanical shading the 
spacing may be measured if necessary for the smooth 
tone. One or more lines scratched on a triangle 
parallel to its edge gives a convenient method of 
mechanical spacing. The line may be placed at a 
distance from the edge equal to the spacing desired. 
Measuring should be discontinued as soon as the eye 
and hand can be trained to space the lines properly. 
Freehand work should not l>e measured and requires 
considerable practice. 

Shading is more effective in pictorial drawings where 
three dimensions are shown and invisible outlines are 
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seldom used* In pictorials where the primary object 
is to show the shape with very little emphasis on the 
material or texture of the surface, the desired cft‘e(it 
may be obtained by ruling straiglit lines on the sur¬ 
face. If the entire surface is covered, the drawing 
may not appear natural because of the lack of high 
lights. Therefore, the shading is usually omitted on 
pai’t of each surface so that the white si)aces will give 
ihe effect of refle(^t(;d light. 




H). - Lino .sliadinji on ortht)Krapl)ic r)roi('rtionH. 



Fig. 11.—liino shading, inochaniral and froohand. 


Deciding which part of a surface t o shade and which 
part to leave blank is a problem that requires experi¬ 
ence. Certain general rules, however, may be set up 
that will enable the beginner to secure satisfactory 
results. As previously stated, the top is considered 
the lightest surface and the receding face the darkest, 
but other sources of light and bright reflecting sur¬ 
faces may cause bright spots on any of the surfaces. 
These additional lights may be considered to l>e in any 
position and have any shape, so the high lights may 
occupj^ almost any part of the area. For pleasing 
results and clearly defined shape, it is usually best to 


assume the high lights on one plane adjacent to a 
shaded area of an adjoining plane. area should 

not be completely covered with shading, nor should 
the shaded areas be too small. Experience and prac¬ 
tice ar(‘ the lK‘st guides, but observation and study of 
good examples will b(? of material aid. 

Several stops arc^ necessary in the shading of a rvQ- 
tangular solid, as may be seen by referring to Fig. 12. 
The lines marked 1 should be drawn first very lightly, 





I'Kjt. 1‘L -Line* shading oii a di.sk. 

since they are guide lines t.o determine the amount and 
))osition of the shade lines. Lines numbercMi 1 will 
1)0 erased wh(ui the drawing is complete. Lines num- 
Ixired 2 are light liiit^s of the same weight as the 
outline or lighted*, ecpially spac(d, and drawn j^arallel 
to the edges of the figure. On the shaded side of th(i 
figure heavier lines num]>ered 3 are drawn to give the 
darker tone to that side. Lines 4 and 5 are fr(*ehand 
lines to emphasize the high lights. Lines (> may Ix^ 
added to accxuituate certain corners. The draftsman 
must be careful not to overdo lines number G. When 
the surface is unfinished, it is necessary to reduce the 
contrast between the high lights and the sliachd areas. 
This may he done by fading out the shade lines by 
dotting the lines around the edges of the shadc^d areas, 
as illustrated in Figs. 3 and 4. 

This vsyst(un may be applied to any flat surface with 
slight variations due to the shap(^ of the surface. 
Fqt instance, disks are usually shaded, as shown in 
Fig. 13. The use of line shading on an industrial 
drawing is illustrated in Fig. 14. 
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Fig. 20.—Line shading—student illustration. (Courtesy of Chris Atkinsofi and C. 1. Carlson.] 































J'lo, 22. —Poor Hr>» shading. {Courtesy of Army 
Service Command.) 


Kiel. 23.—Simple, €!ffeotiv«, iino-and-block shading. (CmtHe^y of 
Army Ji^ir Force$, Air Sertfioo Command,) 
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Curved Surfaces .—Cylindiical and conical surfaces 
may be shaded by drawing eJements on tlie surface. 
These elements may be either straight or curved lines, 
})ut for complete cylinders straight lines are most com¬ 
monly used. The spacing and thickness of these lines 
indicate the position of shade and high lights. Figure 
15a sViows a cylinder that has ] >c‘en shadcal by varying 
the weight of lines and the spacing. Somc^tlmes the 
efT()ct is achi(ived by keeping the lines all light, and 
varying the spacing, sometimes by maintaining the 
spacing constant and varying the weight of lines. A 
combination of the two schemes usually gives the 
bettcT appeai’anc(i but is a lil.tle h.arder to do. It is a 
good rule to shad(^ the one-fifth of the surface nearest 
the source of light, leave the next two-fifths while', 
and again shade the two-fifths that are farthest from 
the source of light. 

Shading as in Fig. 15e/ gives the effect, of slots in the 
surface and should be avoided. A rough cylinder 
such as a cast-iron pipe should be shaded as in Fig. 
156 to show its rougher textuix' To iinjirove his 
tecdinicjue, the student should practice shading simple 
objects such as those shown in Fig. IG. 

Spheres and Surfaces of Revolution.—-These, doubles 
curved surfaces may be shaded by drawing asc^rics of 
concentric circles, as shown in Figs. 17a and 6. When 
the figure is to be inked, this method is p’^eferred. 
The shading as in Figs. ]7r and d shows the circular 
elements projcycling as ellips(\s. This gives a \ery 
pleasing effect but is much harder to do. It is not too 
difficult if a set of elliptical templates is available 
and if the drawing does not have to be inkf^l. Small 
spheres may be shaded, as illustrated in Figs. 17c and 


more of the basic shapes, such as planes, cylinders, 
cones, spheres, and the like, but eacli individual unit 
will be shaded just as though it were standing alone. 
Occasionally some indication of shadows may help to 



give depth to the drawing. Figures 18 to 20 show 
several objects that combine cylinders and plane sur¬ 
faces. Note that the shadow of the cylinder on the 
other plain's in Fig. 18 is indicated by the shading. 



Fig. 25.— Practice squares for crooked-line shading. 


/. In shading any surface of revolution, the drafts¬ 
man must choose a main direction of light from which 
he can determine the approximate shade line. The 
portion of the surface in the shade will locate the 
largest area of shade lining, after which a few addi¬ 
tional lines must be added to mold the surface. This 
is illustrated on the torus in Fig. 17g. 

Plane Surfaces Combined with Curved Surfaces, 
Most objects that are to be shaded will combine two or 


Figure 20 is an excellent example of student work. 
Commercial drawings frequently combine many basic 
shapes wliich may be placed in any position. An 
example of this is shown in Fig. 21, which is a com¬ 
pleted and accepted commercial illustration. 

Direction of Strokes .—An orderly system of direction 
of strokes is necessary for a pleasing effect. A good 
rule to follow is to shade vertical faces with vertical 
lines and other faces with lines parallel to one of the 
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edges. Frequently^ lines parallel to the long edge 
give the most satisfactory appearance. Single- or 
double- curved surfaces should be shaded with lines 
straight or curved which are elements of the surface. 
Straight lines are preferable when possible. The effect 
obtained by using bad judgment in choosii;g the direc¬ 
tions of the strokes is illustrated in Fig. 22 in which it 
is hard to separate tlie details/ A comparison of 



Ft a. 26.—Crookod-line shadin^t. 


Figs. 22 and 23 should illustrate the importance of 
perfect direction of stroke. Figure 22 is an example 
of poor shading that lacks character, while Fig. 23 
shows the same figure with simple treatment and less 
shading but better results. The tendency of the 
beginner is usually to overshade, as in Fig. 22. 

6. Block Shading. —A very effective medhod of 
shading is illustrated in Fig. 24. The placing of the 
large black masses recjuircs careful study of the object 
and a knowledge of shades and shadows so that the 
shading may be properly placed. These black areas 
should be placed on the shaded parts of the object 
but should also be of such shape that they help to mold 
the shape of the object. Either soft pencil or pen and 
ink may be used, but ink work is usually more effec¬ 
tive. Block shading on various kinds of objects is also 
shown on Figs. 21 and 23. 

7. Crooked-line Shading. —Crooked-line shading is 
an effective method for showing a rough surface, but 
is not parf.icularly adaptable for general shading. 
The effect is produced by drawing a continuous line of 
uniform weight in such an irregular mannei* that there 
is no patt(‘rn. An over-all tone is thus produced 





Fio. —Practice squares for stippling. 
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which be vari<Hl by changiiij^ the spacing to giv(i 
the appearance of high lights or shades. A Wrico 
lettering pen or one of similar design is very convenient 
for drawing lines of uniform weight. Any smooth 
paper that will take ink is satisfactory. For practi(‘e 
th(? squares shown in Fig. 25 maybe reproduced. Tl -a 
technique may then be applied to simple objects, after 
which more complicated obje(^ts mny be attempted. 
Figure 2() shows the effect produced by shading the 
entire object by this nuM-hod. Sometimes, as in Fig. 
27, it is desirable to shad(‘ a part of an objerd with 
crooked lines whiles using some other method for pai'ts 
having a liner finish. 

8. Stippling.—One of the more common methods 
used for producing a tone or shaded arc^a on a drawing 
is by hand stippling. The method consists of covering 
the desired area with a series of dots, using a pen, 
pencil, or other instrument to make the dots. Fine 
dots usually represent a fairly smooth surface with 
larger dots for rough surfaces. The technique, as 
illustrated in Fig. 28, is easily h^aimed but is very 
slow. To indicate dark or shaded areas, the dots are 
placed very close together. For high lights the dots 
are omitted or widely spaced. Very effective results 
in molding drawings can be obtained by careful 
stippling. Any good paper that will take ink well is 
satisfactory for stippling. Figures 29 and 30 show 
drawings shaded with stippling. 

9. Over-all Pencil Shading. —By using the side of 
the pencil or a blunt point, a flat or a graded tone may 
be placed on any desired surface. This is a rapid 
and comparatively easy method. It is used w^hen 
speed is essential and when the direction of the 
strokes is desirable to bring out the texture or grain 
of the material. A rough unfinished surface may be 
indicafted by short strokes in different directions. An 



Fra. 30.—StipplinR. 
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eraser and erasing shield may be used to create^ liigh 
lights in the drawing. Prac*ti(;e exercises are given in 
Fig. 31. Many different effects may be o}:)taincd by 
changing the paper on which the drawing is made. 
When th(‘ dra^w ings are to be reproduced, this method 


of the shades, shadows, and high lights before applying 
the medium and be careful not to put on too much or 
some of the detail may be obscured. 

Many intoi*esting and pleasing effects can be 
obtained by using a. cari(4y of papers (see Fig. 7). 



is not so satisfactory as some otiKas because the pencil 
tones are apt to be rather soft and Jack punch.” 
This is illustrated by Fig. 32 which may be (amipared 
with the same drawing in Fig. 23. However the 
method is rapid and desirable for many purposes 
(see Fig. 33). 




Fia. 32.*“* Pencil shading frequently lacks punch. {Courtesy of 
Army Air Forces^ Air Service Command.) 

10. Smudge Shading*—When it is not desirable to 
show the direction of the strokes on over-all pencil 
shading, the pencil strokes may be softened by rubbing 
the shading with a paper stump. The same effect 
may be obtained by rubbing powdered graphite, char- 
(*oal, crayon, or similar medium on the drawing by 
means of the finger, a piece of cotton, or a paper 
stump. This is called smudge shading and may bo 
used to produce a soft even tone or a brilliant reflecting 
surface. The draftsman must make a careftil study 


The most convenient incthcKl of applying the 
medium Is probably with the side of a pencil as in 
ovm-all pcmcil sheading. The pencil strokes may then 
be smootlu^d out l)y rubbing. Before rubbirig, place 
several sh(»ets of paper under the drawing to ensure 
a good smooth surface. As in other methods it is 
necessary to practice making smooth and graded 
tones, as illustrated in Fig. 34. After the shading has 
).)ccn completed, high lights may Ix^ created with an 
eraser and erasing shield. An example of smudge 
shading on a machine part is illustrated in Fig. 3(). 
A part of an airplane showing brilliant high lights is 
shown in Fig. 35. 

Reproducing a drawing that has been shaded in this 
manner by (‘ontac^t printing is frequently unsatisfac¬ 
tory, because areas with light shading are sometimes 
more opacpie than the dark areas. This is caused by 
the rubbing that is necessary to spread the medium. 

11. Wash Drawings.—Wash drawings find their 
widest applications in architectural work but could be 
applied to production illustrations of mechanical parts 
equally well. A w^ash drawing is particularly useful 
when large areas are to be covered with a flat or 
graded tone. The technique of applying the wash 
has been highly developed by the architects. For 
complete and detailed instructions, the draftsman 
should study ‘‘Arcliitectural Wash Rendering'^ by H. 
Van Buren Magonigle. 

Whatman’s cold pressed paper is one of the best for 
this purpose since it has a uniform texture and will 
stand the necessary wetting and stretching. Wetting 
any paper causes it to expand and buckle, the amount 
of the buckling depending on the amount of water 
and the time involved. For small areas, buckling can 
often be controlled by avoiding the use of excess water 
and by pressing. For large areas, it is necessary to 
stretch the paper. 

To make a ^'stretch/^ it is first necessary to be cer¬ 
tain that the drawing board is smooth and clean. 
Then all the paper except 1 in. all around the edge is 
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thoroughly soaked with water. The dry strip along 
one long side should be fastened to the drawing board 
by means of glue and thumbtacks. In doing this, 
fastem the center part lirst and stri't.ch tlie j^aper with 
a steady pull. Fasten the (tenter of the opposite side 
with glue and tacks. Continue this process from the 
center toward each end, stretching the paper in both 


directions and fastening the edges to the board until 
the paper is smooth and tight. When dry, the paper 
will be under such tension that future wetting will not 
cause buckling. 

The ink used in making a wash must contain no 
suspended material, conseiiuentJy the waterproof 
drawing inks are not suitable. Ix'st ink for this 


A/r /eofv'es magneto through tube anctatrij/ec/ 
ho/e betv\/een second and third cooling f/ns. 
On right magneto this is entrance passage.- 


Rotor housing- 


Dreaker housing 



rvoiite tube s/ips over steel tube 
and extends into breaker housing 


Cover plate- 



A/r enters dri/ted ho/e between 
second and th/rd cooling fins- 
Ram pressure furnished by biast 
tube. On rightmag/jeto th/s is 
exhaust passage. 


Blast tube extends toftontofnacef/e 
where pressure^air is picked from 
nose opening of engine cowiing 

ahead ofintercy tinder baffies— 


\Steet tube pressed into drilled 
hole in casting 



Air from breaker housing 
exhausts to negative pressure 
in accessory compartment 


Rear view 

Arrows indicate airfiow——/ left magneto 

Fio. 33.—Pencil shiidiug on commercial illustration. {Vonriisy of .\vi<Uron j\I agazine.) 


Blast tube casting 



Fro. 84.—Practice squares for smudge shading. 
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purpose is prepared by grinding Chinese stick ink and 
dissolving it in water. It must then be filtered to 
remove all undissolved particles. 

The drawing should be outlined with a thin light 
pencil line, being sure that no excess lines or construc¬ 
tion lines remain on the paper. To avoid these, it is 
often desirable to make the drawing on another piece 
of paper and transfer it to the stretched sheet, "bhis 
may be done by redrawing, using special carbon paper, 
or by making the original drawing on tracing paper, 
penciling the back of the lines and transferring the 
lines by rul)])ing. 

When this has been done, the drawing is ready for 
the wash. Tilt the board slightly and thoroughly soak 
the paper. Remove all excess water l)y means of a 
sponge. Using the highly diluted ink and a good 
brush, float, the wash over the desired areax, being very 
careful to work a(;(airatcly to the lines. To build up a 
darker or a gnided tone, apply other washes to all or 
part of the drawing until the pro})er toiu^ has been 
attained. 

When the drawing has been completed, the paper 
can be removtnl from the board by cutting inside the 
glued strip ai’ound the entire edge. 

Practice in making fiat and graded tom^s, as shown 
in Fig. 37, is very essentirl before attempting to shade 
a drawing. An example of wa.h remhu ing as a|)plie(\ 
to an archit('ctural problem is shown in Fig. 38. 

12. Broad-stroke Freehand Pencil Shading.—Rr jad 
pencil strokes arc made by sharpening the jxmcil or* a 
bevel as indicated in Fig. 39. The flat surface is used 
for making the strokes to which accents may be added 
by pressing harder on ()n(‘ sidf^ of the fla-t surface. 


effect of a reflecting surface. Figure 41 is an artistes 
drawing that should be studied carefully to observe 
the te(;hnique. Notice the polished surfaces and the 
smooth tone of the unfinished surfaces. 

The greatest use for this metdiod in engineering 
occurs in pcmcil sketching that is not to be reproduc(»d. 


Mk SjuuflKO .shiidiiiR. 

Acceptable^ results can bt^ obtained very rapidly with a 
litth^ practical as shown in Fig. 42. Most of the sur- 
bices in this illustration are unfinished. Note that a 
iew^ diagonal lines in the dircartion of the light rays 
have bemi draw n to break up the monotony of th(^ flat 
surfaces shown. 

This mefliod is used by many artists and is a sub¬ 
ject uj)on w Inch entire books have been written. F'or 
a more d(4,ail(Kl discussion, books listed at the end of 
this chapter may be consulted. 





I I a. 37.—Practice squares for wash rendorinK. 


Hair lines may l)e drawn by turning the pencil and 
using the edge. As preparation for the use of this 
method of shading, the draftsman should practice the 
strokes indicated in Fig. 40. The strokes should be 
definite and not smeared, and it should be possible to 
represent a light or dark uniform tone, a shaded tone, 
and a rough or smooth surface. For a highly polished 
surface the strokes should be definite, clean cut, and 
rather black with plenty of white space to give the 


13. Airbrush Shading.—When drawings are to be 
rendered so that they will appear as much like the 
actual object as possible, the airbrush frcfpiently is 
used. By this method a drawdng may be rendered to 
resemble a photograph, yet the draftsman may elimi¬ 
nate unnecessary detail and the undesirable shadows 
that would occur in a photograph. Therefore, for 
certain purposes, the rendered drawdng is more 
desirable than the photograph. In fact, one of 
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the principal uses of the airbrush is in retouching Airbrush rendering is the most difficult of the vario\is 

photographs. methods of shading and requires considerable experi- 

.The airbiaish is a small instrument, shown in Fig. ence and practice. The beginner should practice until 

43, by means of which compressed air sprays ink or he can duplicate the effects shown in Fig. 44 and be 



color on a drawing. The needle may be adjusted to able to reproduce them without failure whenever 
give a coarse or a fine spray or to throw a narrow line desired. Before beginning practice, arrange the air 
or a broad beam of color. hose so that it will not interfere with free movement 
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of the bi'ush. It should not be necessary to use the 
left hand to carry the hose, llie drawing should be 
tilted so that the airbrush will spray almost perpen- 
dicular to the paper and thus eliminate as mii(!h as 
possible the tendency of the ink to blow under the 
vStencil. 

After the equipment has been arranged conveniently, 
the draftsman must select the kind of color or ink that 
is to be used. The important consideration in this is 
to use a color that will not clog the brush. India 
drawing ink should never be used in an airbrush 
because it leaves a (carbon deposit. A good black can 
be made by dissolving lamp black in water, or 
India ink for airbrush can be purchased in tubes. 
Higgin’s l']t(a’nal Black ink is satisfactory and gives a 
good bla(;k when used full strength. It may be 
thinn(‘d with water to give a very light-gray tint. 
Another excellent transparent black can be made by 
grinding Chinese stick ink in distilled water. Like¬ 
wise Chinese wliite may be mixe<J with water to pro- 
vid(‘ a white color for the airbrush. The draftsman 
must always remember that the airbrush is a delu^ate 
instrument that must be properly handled and always 
kept clean. After using, all ink must be removed by 
running clear water through the brush until no color 
shows on white paper. AJtor that., a little alcol »1 
should be blown through the brush. 

When ready to begin practice, hold the brush in the 
right luind so that, tlio index finger can be used to 


mot.i(3n l)efore the valve is opened and tliat the hand 
(continue in motion after the valve is closed. By 
carefully observing this rule, clean lines may Ix'. drawn 
and heavy spots avoided. 

After the operator has learned to make good lines, 
the next step is to lay a flat t.one over an area, as in 
Fig. 44a. For this purpose the brush must V>{‘ 



TOu. Sir—Method of .sharpeniiiK the peueil lor broad Htrokes. 

iidjusted to give a fine spray and a paper mask with 
an oi>oniug the si/e of the desired area placed over tlx^ 
paper. 'Fhcn with the hand in motion, open the valve 
as much as d(rsired and cover the area with an t‘ven 
tone. The brush should be held m such a position 
that it will spray almost pcu-pondicular to the paper. 
For laying any tone, tlie brush should be held 8 to 10 
in. from the paper, wdiilc for lines it should be only 
about * 2 from the paper. 




Fiq. 40.—Practice »quarea for bjroad-Htroke fKiiioil shadiug 


operate the valve. First try out the various adjust¬ 
ments by working on a piece of scratch paper. Learn 
how to adjust the brush for a fine spray, a coarse spray, 
and a narrow line. To reproduce the lines shown in 
Fig. 44c adjust the brush properly, start the hand 
movmj^ in the desired direction, and then open the 
valve. It is very important that the hand be in 


The next step is to practice tlie graded tone (see 
Fig. 445). With a diluted ink and a paper mask as 
before, lay a flat tone over all the area except the upper 
part that is to be left light. Then gradually build up 
the color at the bottom so that it shades gradually 
from dark to light. The brush may then be filled with 
full-strength ink and the lower part darkened. Thei*e 
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should be no definite line of change fiom the puie 
white to the darkest black. 

When the graded tone has been mastered, masks for 
the simple solids, shown in Fig. 45, may be cut and the 
previous steps applied to the molding of solids. It is 
usually necessary to cut several stencils for each 
object, us illustrated in Fig. 46. Thus, stencil a forms 
the top ol the base, which may be rendered with a 
<;omparatively flat tone having a slight high light in 
the center. Stencil h outlines the dark side of the bjjsc 



\ 


the shading; operation is to cover the entire drawing 
with a thin </ransparent paper, the underside of w Inch 
has l>een coated with rubber cement. This coated 
paper is known as frisket paper and may be prepared 
in advance in the following manner. Witli a soft 
brush, spread a thin layer of rubber cement over a 
piece of tracing paper and allow to dry. Another 
coat should then be applied, being very careful not 
to ruin the first layer. When this coat has dried, the 
paper is ready for use. 








Fio, 46.—U«e of atencilH with an airbrush. 


and the outer surface of the cylinder, which may be 
rendered by carefully orienting the stencil with rela¬ 
tion to the part that has already been done. The 
cylinder may be made to appear polished by making 
sharp contrasts between the high lights and shaded 
areas, or a rough surface may l)e indicated by a more 
gradual blending with less difference in tone. Other 
stencils form the rest of the object in a similar manner. 
Great care must be taken in orienting all stencils, or 
the last ones may not fit. By shfting the stencils 
slightly, to cover narrow strips at the edge, high lights 
may be left on certain comers to improve the effect. 

The siihplest toethod of protecting a drawing during 


Thi.s prepared paper will stick tightly to the draw¬ 
ing, and there will be no tendency for the ink to blow 
under the edges as when loose stencils are used. 

A single coat of rubber cement will suffice if used 
before the cement dries. It is necessary to have per¬ 
fect contact between the frisket paper and the drawing. 

After the frisket paper has been fastened to the 
drawing, any particular area may be shaded by remov¬ 
ing the frisket paper from that part of the drawing. 
This may be done by cutting accurately around the 
outline of the area with a sharp knife, being careful 
not to cut deeply enough to injure the drawipg, and 
removing that p«rt of the frisket. Before rendering 
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an area, all rubber cement should be removed from 
the drawing by rubbing lightly with the linger. That 
part of the drawing may then be shaded and allowed 
to dry, after which the artist may rephn^e the frisket 
paper on the completed part and proceed to another 
section of the drawing. This method should be used 
for a drawing such as that shown in Fig. 17. 

Efficient use of tin? airV)rush requii*(\s much practice, 
but when it has been learned, many beautiful and us(?> 
ful (‘ffoct.s can be obtained. By using \vM.t(‘r colors, 


\iVA 

When the purpose of retouching is just to remove 
shadows and clean up t.hc picture, the outliiu's may be 
inked or pressed into the paper lightly with a hard 
pemfi] before Ideaching. This saves the time neces¬ 
sary for redrawing the figure. When new parts are 
to be ad^Uul to a photograph, the approximate vanish¬ 
ing points must be found by (extending lines of the 
figure. Hien if the actual size of the object is known, 
approximate measuring lines and mojisuring points 
may b(‘ found f] om which the new parts may be drawn. 



17.— Airbrunli reiidoriii^. {(Courtesy of E. S. Perrinv.) 


full color drawings may l>e made, but their use in 
engineering drawings is very limited. 

14. Photograph Retouching.—Retouching photo¬ 
graphs for engineering work is very different from 
retouching portraits. Engineering retoucliing often 
involves major changes in the drawing, such as adding 
new improvements to an old model of a piece of 
equipment. The elimination of shadow's and making 
changes require that the print be bleached with a 
chemical bleaching agent after which the parts are 
redrawn and shaded with the airbrush. Various 
chemicals may be used for bleaching, one of which is 
a solution of potavssium cyanide and iodine. Dissolve 
1 oz. of potassium cyanide in 4 oz, of water. Add 1 
oz, of tincture of iodine, and the solution is ready to 
use. This solution must be handled carefully as it is 
a deadly poison. Wash prints thoroughly in running 
water aft^ bleaching to remove all chemicals. 


Figure 48 show s the original and the retouched photo¬ 
graph of a tool, gi\ing a good example of the improve¬ 
ment that may be obtained by careful retouching. 

Many of the exploded'^ views or disassembled 
drawings found in service manuals and catalogues are 
made by the photographic method. To obtain the 
original photographs, the parts of the machine must 
be separated and held in their proper relative position 
until the photograph is made. Ingenious schemes 
must often be devised to support the parts in the 
desired positions. In Fig. 49 a duplex air-cooled com¬ 
pressor is showm ready to photograph. In this case 
dow'el rods, scotch tape, wires, putty, and blocks were 
used to line up the parts and hold iliem in position. 

After the phot^raph has been made, the artist 
retouches it and eliminates the background, support¬ 
ing rods, wires, etc., leaving the illustration as shown 
in Fig. 50. Notice that the edges of the large gaskets 
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Fig. 48.---l?,otoiichod photograph. {The Warner and Swasey Ctmipany.) 


have been straightened and oth<'r irregularities cor- 
reeled in the retouching. 

Wlien making an ^‘explod(Hr’ view like l^'ig. 50, tlu^ 
illustrator must choose between t he draw'ii illust,ration 
and the photographic method hy a comparison of the 
cost of the two methods. A A^eiy complicated piec(^ 



Fio. 49.—Photographic method of making diBassernblod illustration. 
(The Quincy Compressor Company, John H, D. Lanyebartel, artist.) 


may be cheaper to photograph, whereas simple pieces 
may be drawn more eeonomi(;ally. If the illustration 
is made befdre the machine has been manufactured, 
drawings must be made. 

The chief difference in the result is due to the fact 
that in a photograph the parts that are near the level 
of the camera will show less of the top face than parts 


that are lower. In a drawing the value of the top face 
on all pieces may be k(?pt the same. 

16. Hand-sponge Stippling.—To obtain an effect 
similar to airV)rush, a piece of rul)bcr sponge and 
printor\s ink ma}^ be used. A small amount of print¬ 
er’s ink is rolled out on a glass plate until it becomes a. 
thin him. The rubber spongt* is touched to the ink 
and then patted on the drawing. To be sure that the 
ink is pla(*ed only where desired, stencils should bo cut 
just as for the airbrush or frisket jiaper used to cover 
the entire drawing. Hy holding the sponge loosely 
and patting lightly, a (‘ourse texture may be obtained 
to represent a rough or unfinishc^d surface. By twist¬ 
ing or squeezing the sponge tightly and patting 
harder, a smootlier texture may be obtained which 
will giv(5 the effect of a finished surface if the highlights 
are left sharper and the contrast greater. One 
advantage of this method is that it can be worked over 
if the desired effe(*t is not obtained at the first trial, 
but practice on the exercise shown in Fig. 51 will 
enable the draftsman to improve his technique. Fig¬ 
ure 52 shows a drawing rendered with the sponge. 
Various things may be used instead of rubter sponges. 
Natural sponge and pads of different kinds of cloth 
may l)e used, and a wide range of effect can be 
obtained by a careful choice of the material. 

16. Patented Methods of Shading.—There are on 
the market several patented methods of shading by 
means of which lines or dots may be placed on the sur¬ 
faces of a drawing where shading is desired. These 
may be obtained in a variety of patterns, thus making 
it possible for the draftsman to select a type of shading 
that will harmonize with the rest of the drawing. 

Zi'p-A-Tone .—The Para-Tone Company produces a 
convenient type of shading known as Zip-A-Tone, in 
which the lines or dots are printed on a transparent 
sheet of cellophane. An adhesive has been added to 
one side of the cellophane so that it will stick to the 
paper. To apply the shading, place a piece of Zip-A- 
Tone of the desired pattern over that portion of the 
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drawing to be shaded, with the adhesive next to the 
paper, then rub the top surface lightly with a smooth 
fiat instrument until it adheres lightly to the paper. 
With a sharp knife or a steel needle cut through the 
cellophane all around the shaded area. Then pcicl off 
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Zip-A-Tone White dots and lines can also ha 
obtained to lighten up a black area. This is illus¬ 
trated in Fig. 54. It is applied in the same manner as 
the black pattern. White ink may be successfully 
used on Zip-A-Tone if the surface is first rubbed with 
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Fig. 61 .—Practice squarea for sponge stippling. 


that portion of the Zip-A-Tone outside the cut. 
Finally rub the Zip-A-Tone that is to remain on the 
drawing with a smooth flat instrument until it is well 
fastened to the drawing and until all lines of the draw¬ 
ing show up clearly. Care should be taken to cut in 
the center of the ink outline so there will be no blank 
spaces on the inside or any shading outside the 
desired area. Figure 53 shows a drawing shaded in 
this manner. Many of the figures in Chap. XI were 
shaded with Zip-A-Tone. 


a soft eraser. Zip-A-Tone may be obtained from 
Para-Tone Company Inc., Chicago 4, Ill. 

Crofiint Doubletone ,—The Craftint Company sells 
a prepared shading paper that is becoming increasingly 
popular. This consists of drawing paper or tracing 
paper that has been printed with chemical so that the 
pattern appears when the surface is washed with a 
developing solution. The double tone has two pat¬ 
terns W'hich may be developed as desired. One kind 
of dev(4oper brings out a pattern of one set of parallel 
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lines to form the light tone. Another developer 
brings out two sets of parallel lines at right angles to 
each other which form the dark tone. These tw^o 
tones in combination with white and black give a 
four-tone drawing. Complete instructions for use of 
the paper may be obtained from the company. Fig- 



Fkj. 62.—Sponge stippling. 



Fia. 53.—Uw of Zip-A-Tono. (Courlesj/ of EnQineerino Dramrig, 
by Jordan and Hoelacker.) 

lire 55 shows the same drawing as Fig. 23, but in this 
case some of the areas have been shaded with Craftint 
Doubletone, This is a definite improvement over the 
hard black and white shading of Fig. 23. The devel¬ 
oper may be applied with a fine brush, ruling pen, or 
freehand pen. ^One of the principal advantages is the 
speed with whieh the shading may be done* Figures 


66 and 57 give other examples of Craftint shading. 
These prepared papers may be obtained from the 
Craftint Manufacturing Company, Cleveland, Ohio. 

17. Use of Color.—Color should be used on illus¬ 
trations only vherc it s(*rvcs some definite purpose, 
such as indicating the direction of flow of liquids, 



Fm. 54 .— Us(‘ (d Zip-A-Ton<' while dots. 



Fio. 55 .—Uko of Craftint Doubletoiie {Courtesy of Army Air 
Forces^ Air Service Command.) 


pressine areas, and similar phenomena Color should 
not be used for decoration on this type of drawing. 

To reproduce drawings with color requires a separate 
drawing for each color. To score perfect registration, 
thejse drawings are made by placing a transparent 
acetate overlay over the original and tracing in black 
ink the portion to be colored, as illustrated in Fig. 58. 
These overlays must be carefully keyed to the original 
drawing. Tbe original drawing must be so arrmiged 
that any areas in which there is to be color will print 
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white. The etchings made from the individual over¬ 
lays may then be printed in th(^ desired coloi* to fill up 
those white spaces. A separate printing is requinid for 
each color. Figure 59 slumps the completed illustration 
of an oil cooler in which the greem lines shov' the path 


taken by the cooling licpiid when the thermostat has 
operated due to the need for cooling the oil. 

18. Fixing a Drawing.- Some of the shading 
mediums are apt to smear if tl)e completed drawing is 
not protected in some manner. Charcoal, some of the 



Flu. r»(i. lTs<‘ of C'raftint. Doublotono. (Dramno made on CrafHtd l)ouhldon4’, hy The Warner and Svmficu (.'ompaufj, Clnwland, Ohio.) 



FlO, 57.“r~tJ«e of CVaftint Douhletoim. Drawing nuwio on Cmltiiit DouUtotoiia hy A nation Mauazine. (J^iktieh Hook of lh »iyn DeUiil.) 





168 


INJJ(\rrRlAL PRODUCTION ILLUSTRATION 


crayons, and soft pencil are particularly subject to this Another convenient method of protecting a drawing 
trouble. To avoid this danger, the entire drawing is to co\'er it with Dulseal, a thermoplastic material 
may lie sprayed with a light coat of fixative. Any sold by Charles Bruning Company, Inc. It is a thin 



I'lO. S$.—Original drawing and aoetuie overlays for oolor print. 
iCofurte^ of Army Air Forces-Air Service Command.) 


art store will be able to supply the fixative, which is 
usually a light varnish or shthm;. A small spray may 
be purchased by means of vhich the draftsman can 
blow a fine mist over the drawing. 



Fig. 59.—Color print, {('ourlvsy of Army Air Forces-Air Service 
('ornmaiitl.) 


(uilluiose acetate sheet with a mat surface and is sup¬ 
plied to the trade in 10- or 20-yard rolls, 8, 12, or 24 
in. in \Nidth, with an adhesive coating on one side. 
By covering the drawing and pi’essing firmly over the 
tnitirc surl’ace, it adlunos tightly to the drawing, but 
(*an be removed if necessary. The material will with¬ 
stand erasure and washing. 

I^ach draitsman or artist will probably develop one 
or more nattiods of shading which suits his own tast-c 
or skill and whicli lie will use almost exedusively. 
Furth('r information eoneeniing some of the methods 
hen^ des(*ribed will be found in the following texts. 

‘^Vi^ Brii^h Art,'^ by George Kadel, 44ie PiULschn Air Hrusli 
(Company. 

“A Manual of Air Brush IVchniqufi/’ by J. Carrol 'lobias, 
Arn(‘rioan Photographic Publi.shing C'ompany. 

“ Archiiec.tural Benderiiig in VVash,^' by B. V. B. Magoniglc, 
Charle.s Scribner’s Sons. 

Pencil Broadsides,” by Thwidore Krautsky, lOnnhold Publish* 
ing Corporation. 

'MOncil Drawing,” by Ernest W. Watson, Watson-Gupfill 
Publications, Inc. 

“Sketching and Bcnderingin Pencil,” by Arthur L. Guptill, The 
Peinril iOints Press, Inc. 


CHAPTER XI\ 


SPECIAL EQUIPMENT FOR MAKING PICTORIAL DRAWINGS 

1. The renewed interest in pictorial drawings, which or parallel to isometric lines. A second difficulty lies 

hav(‘ proved themselves so useful in speeding up shop in the fact that angles cannot be laid out trm? to size 

production, has led to the development of a number of in isometric. These difficulties have been overcome 

new devices that aid in the rapid dc^velopment of these by the protract ors illustrated in Figs. 3 and 4 and the 

drawings. These new deAuces together with some combinat.ion scale and protractor in Figs. 5 and (>. 




Fiu. 2.—Isometric axes. (Keujfel and Esser Company.) 

older ones are discussed in the following paragraphs. 
Sincie devices have, in general, l>een designed for one 
particular type of drawing, the discussion has been 
arranged in that form. 

2.,Isometric. Grid Papers .—An old device for 
speeding up the production of isometric freehand 
sketches or instrumental drawings is the grid paper 
shown in Fig. 1. Sketches may l)e made directly on 
the paper or on tracing paper placed over it. 

It not only provides the direction of the axes, but 
may also serve as a scale as well, since the coordinates 
are spaced at intervals. The use of the paper 

has been illustrated by a number of steps in Fig. 1. 
In the discussion that follows the isometric axes are 
named OX, OY, and OZ, as shown in Fig. 2. 

hometric Protractors .—^One of the difficulties in 
making isometrics with etandaixi equipment lies in the 
fact that^measurements can be made only to scale on 



Fig. 3.'“-Taoiiietrio protractor. (Kcuffel and Esser (■ompany.) 



Fig. 4. Iwomotric protractor. {Keuffd and Esaer Company.) 


The protractor in Fig. 3 may be used to lay out 
angles in any isometric horizontal plane. Angles with 
the X axis arc measured by the lower row of numbers, 
while those from the Y axis are marked by the upper 
row. 

The protractor in Fig. 4 is designed primarily for use 
in isometric vertical faces. Note that although the 
angle from the OX axis to the upward vertical line is 
only 60 deg., it actually represents 90 deg. in the 
isometric. Likewise the angle from the OX axis 
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downward to the vertical line is 120 deg.; it, neverthe¬ 
less, represents only 90 deg. in the isometric. The 
zero point is on the OX axis. Note that, with the 
protractor in its normal position, angles must be 
measured from the front to the rear. If it is necessary 
to lay off an angle from a rear corner or point toward 


Ellipses .—Figure 7 represents a very useful tool for 
drawing circles in isometric. The circles vary from 
34 to in. in diameter by intervals of 3^ 6 in. Two 
larger circles 1)2 ^^nd in. in diameter are also 
provided. In Fig 7 the instrument is shown in a 
position for drawing horizontal circles, but by turning 



the front, this can lx> done by turning the protractor 
through 180 deg. 

Scaks .—In Figs. 5 and 0 two instruments are 
shown which combine the protract.or and scales. 
Scales are given along lines at each ir)-deg. int(u val. 




Fig. 6.—‘Isometric protractor and scale.’* {Keuffd and Eatser 

(^ompnny.) 

For other angles, interpolations may l>e made with 
the aid of the elliptical arcs that represent circles. 
Figure 6 represents a protractor and scale designed 
primarily for horizontal surfaces while the one in Fig. 
6 is used for vertical faces. The protractor of Fig. 5 
(^an also be used in vertical faces. 


it on one side or the ot her it may Ix^ used for circles in 
either vertical face. 

All the above equipment is manufactured by th(^ 
Keuffcl and Esser Company, Chicago, 111. Ellipses 
designed for other angles may bo purchased from The 



Fig. 7.—iHfimotric ellipse template {Keuffei and Eaaer Comjmny.) 



A. Lietz Company, Calif. These may be purchased 
singly or in complete sets. The ellipse templates vary 
from 15 to 60 deg. by 5-deg. intervals. The 16-deg. 
template represents the projection of circles that are 
inclined 16 deg. from the perpendicular or 75 deg. with 
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/i-ajx/s verf/ca/ 


B-C7XA5 verfJca/ 










C- ax/s yerf/co/ 

Fi(i. {).—Convenient positionw of trimetric axcK. 

the plane of projection. Other markings have a simi- projection. Others are quite useful in making iso- 
lar significance. metric and dimetric drawings. 

The 25-, 30-, and 5()-deg. templates can he used for 3. Trimetric. —Whih^ both dimetrif* and trimetrit 
trimetrics having axes at 15 and 30 deg. to the hori- drawings may he made to give pleasing results, th( 
zorital, as discussed in the chapter on axonometric ^ 




Fia. 10.—TOmetric ellipse template. ifiUnn L. Martin Commny,) Fio. 11,—Triruetric ellipse underlay. {Qlenn L. Mcyrixyi Company.) 
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trimetric with axes at 15 and 30 deg. with the hori¬ 
zontal, as shown in Fig. 8, is a most versatile and 
satisfactoiy form. Special equipment for this “setup” 
has been designed by the Glenn L. Martin Company. 



With this equipment , trimetrics can be made in the 
12 positions shown in Fig. 9. 

Trimetric Ellipse Template ,—With the template 
shown in Fig. 10, ellipses varying in size by sixteenths 
from Vs to 1 in. may l:>e drawn in any one of the tri¬ 


metric faces. The template may be used for any one 
of the 12 positions shown in Fig. 9 by noting the posi¬ 
tion of the three axes marked A, By Cy in both Figs. 
9 and 10. 

T'rimeiric Underlay and Protractor ,—For circles 
larger than 1 in., the trimetric underlay shown in Fig. 
11 may 1x3 used. This tool may be slipped under the 
tracing paper and circles traced freehand or with the 
aid of irregular curves. Since these ellipses represent 
circles and are spaced eight to the inch, the instrument 
may l>e used to scale lines in any direction. The pro¬ 
tractor around the periphery of each circle enables the 
draftsman to lay out angles directly. 

Trimctric Protractor .—A trimetric protractor, simi¬ 
lar in design and layout to the underlay described 
above, is shown in Fig. 12. This may be used to lay¬ 
out angles, hut does not provider any means of scaling. 

Scales ,—Since a separate scuile is recpiired for each 
axis of a trimetric, definite scales for them are desir¬ 
able. Two scales similar to the one shown in Fig. 
13 have also Ix^en designed by the Glenn L. Martin 
Company for use in theur production illustr*ation work. 
They ai’c in triangular formi, and one is graduated in 
the ratios 1 to 1, 1 to 2, 1 to 4, and 1 to 8 to give the 
common fractional im^asurements. The other is 
gi-aduated for* decimal measurements in the ratios 
1 to 1, 1 to 10, I to 20, 1 to 30, and 1 to OO. 

Martin A xonograph .—Further to speed up the wor k 
of producing tinmetrics of the form discussed above 
or any other combination of axes, the engineers of th(^ 



I'l'l'i'i'f'l'iirI 
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Fig, 13,—Trimotric scale. (Glenn L. Alartirt Company.) 
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Glenn L. Martin Company have de\ iscd the machine 
Hhown in Fig. 14, which photographically reproduces 
one face of a trimetric from an ordinary shop drawing. 
The remainder of the drawing can then be quickly 
constructed by projecting in from this face parallel 
to the remaining axis. Figure 14 is an illustration of 
the original laboratory model that is now l>eing 
improved. 

The principle of opei’ation is explained in the follow¬ 
ing figures. To produce a given trimetric, the ortho- 
grapliic drawing must be orient.ed at the pioper angle 
on the copy board and t4ie copy board itself tilted to 
the correct position, as shown in Fig. 15. The angles 
shown give the trimotric top view of the olqect. 

The metliod of obtaining these angles is shown in Fig. 
16. The angle of orientation of the viev’ on the copy 
board is obtained graphically in th(‘ same manner as 
explaiiKid for axonometrie projection in Chap. VT. 
The angle of tilt of the copy boai-d is obtaim^d by 
making an auxiliary view that shows the angle between 
the axonometric plane and the plane of the orth<;- 
graphic view. 



the copy board is moved forward through the theoi-eti- 
cal picture plane by means of a motor, and the funnel 
which has a narrow slit in the end permits exposure 
of only that portion of the drawing which is in the 



Fig. 15.—Theory of axonoKraph. 


picture plane. The funnel rotates and slides along 
the copy board, scanning the entire drawing as it 
passes thrc agh the picture plane, thus producing th(^ 


A photo^aph of the drawing on the inclined board trimetric projection of one face. The funnel carries 
would nownally give perspective or convergence of the a light tube for illuminating the drawing as it passes 
parallel lines of the drawing. In order to avoid this, the slit. 
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Kio. 19.—Trimotric drawing dovoloped from photograph in Kig. 18. (CHmn L. Martin Company.) 
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Figure 17 shows an original shop drawing used in 
making the trimetric photograph in Fig. 18. This 
represents one face of the trimetric over which tracing 
paper may be placed and the details at right angles 
to this face added, avS shown in Fig. 19, to produce the 
trimetric three-dimensional assembly. 

An exploded view, as shown in Fig. 20, can readily 
be made by tracing each portion in^ts proper position, 
then shifting the assembly along the proper axis paral¬ 
lel to its original position and tracing the next portion. 

This scheme gives both speed and accuracy in mak¬ 
ing production illustrations. 


n 

These grids are used as underlays and help to speed 
up the construction of perspectives in the same man¬ 
ner as isometric coordinate papers. Instructions for 
using such grids are usually supplied by the vendor. 

CentroHmiad and T-square Templates .—When the 
vanishing points of a perspective are beyond the limits 
of the drawing board, a situation quite common ft)r 
large objects, the T square and template shown in Fig. 
23a is of great convenience. 

a. T Square and Template .—To make this device, 
saw off one side of the head of an old T square so that 
the drawing edge is in the center of the head. Make a 



Kio. 20.—“Exploded” drawing developed from trimetric drawing of Fig, 19. (Glenn L. Martin Company.) 


4 . Oblique Projection.—So far as the writers are 
aware, there is no special equipment on the market for 
making oblique projections. Since the front face of 
an object in oblique is the same as an orthographic, 
no special equipment is needed for this face. For the 
inclined faces, the imderlay shown in Fig. 21 may be 
used to draw circles and lay out approximate angles. 
Similar underlays for circles at other angles can be 
constructed by anyone feeling a need for them. 
Protractors for laying out angles in the oblique 
faces could be constructed. Regular scales properly 
chosen can be used in the receding faces. 

6. Perspective* Perspective Grids .—A device that 
has been on the market in a variety of forms is the 
perspective grid. One such grid is showp in 22. 


circular arc template of plywood or heavy veneer such 
that the center of the arc lies at the desired vanishing 
point. When the T-square head rides on the arc, as in 
Fig. 23o, lines drawn along the blade will pass through 
the center of the arc or the vanishing point. For 
vanishing points on the other side, the T square will 
have to be made opposite hand. 

b. Centrolinead .—A more convenient device called a 
“ccntrolinead" is on the market. This has one long 
drawing blade and a head consisting of two movable 
arms that may be set at any convenient angle. If 
two pins are placed in the board and the arms of the 
centrolinead are allowed to ride on them, lines drawn 
along the blade will all pass through one point, as 
shown in F^. 23l>. Knowing the distance g of the 
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point of sight from the picture plane in Fig. 24 and 
the angle x which the side of the object makcvS with it, 
the distance e of V.P.R. fjom si can l>e computed. 
Distance d from to 6 may now be chosen and the 




horizon line drawn. The pins are placed near the 
edge of the board at any chosen distance above and 
below the horizon on a line perpendicular to it, as 


shown in Fig. 24. These distances bo and bp must be 
equal. The distance d from to h can now be meas¬ 
ured, and then the distance/ecpial to ab is obtained by 
suV>tracting d from e. 



Fi(j. 22.- • | ortioii enlarged. {Keuffd and Easrr 

Company.) 


\Mien th(^ axes of the centrolinead have been set so 
that the drawing edge of the blade, extended, will pass 
through the vanishing point, then the line ao is at 
light angles to the line oc, thus making two similar tri¬ 
angles aho and ohc. Then by proportion ab:ob :: ob : />c, 
and be == olr/ab. 

The calculated distance be can now be measured on 
the horizon from and the lines co and cp can be 
drawn on the board. With the drawing edge of thc^ 
centrolinead on the horizon, the axes can be adjusted 
until they coincide with these lines. This gives the 
proper setting. 

There are other methods iji W'hich the axes are set 
first and tlie pins then located, but the method above 
is preferable, since it gives better control of the pins, 
which can be arbitrarily set at any convenient posi¬ 
tion. Both of these devices help to speed up the work 
of construction. Either of them may be applied to 
three-point perspectives. 

Camera Lueida .—Thus far, the devices discussed 
can be used to make pictorials from shop drawings 



Fio 23.—Template, T square, and centrolinead. 
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l>efore the object itself has been made. The camera photograph, liowever, is usually not suitable as 

lucida shown in Fig. 25, however, can be used to make originally taken for a number of reasons. In many 

sketches of any object alre^idy in existence. With the cases, unnecessary details of little or no significance 

object properly illuminated, by means of this device, are shown. Confusing high lights occur, and there is 

an image is reflected directly on the drawing paper sometimes a lack of clear definition of surfaces, con- 

where it may be copied in true perspective form. tours, etc., because of shadows or surface texture. 



-i-W' 


Fig. 24.—SettiiiK piuM for controliiiead. 



Fig. 26.—Cttinero. Lucida. (F. Weber Company.) 


The instrument comes with 12 lenses of different Pbotograplis are therefore usually retouched, as 
focus so that a wide range of sizes and dimensions illustrated and discussed in Chap. XIII, Figs. 48, 49, 
can be accommodated, from bridges and buildings to and 50. 

small machine parts. It is at present not available Photographs can also be used to make accurate 
on the market. perspectives of a complicated character to illustrate 

Camera .—The camera itself is widely used in pro- objects in assembly, exploded views, and operations 
ducing illustrations of various kinds. The ordinary of various kinds. 
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The })rocedure in making such illustrations from 
photographs is shown in detail in Figs. 26 to 31. 

tt. In the first step show'n in Fig. 26 a working print 
is made from the original negative, showing the opera¬ 
tion to be illustrated. This print is marked to indi¬ 
cate the final cropped size, and various instructional 
notes are added as shown in the figure. 

/>. A mat })rint is Uien made according to the crop 


finished black and white drawing. The dots may lx* 
scraped off in any area that is to he emphasized in the 
final reproduced drawing. The black and white out¬ 
lines show through wherever the dots are removed. 
Where the dots are not removed, the final result is a 
gray tone image. This system permits emphasizing 
certain parts or procedures and holding the rest of the 
drawing in the background, as shown in Fig. 30. 



Fig. 26.—First stop in producinp; service maimal illustration. {Hamilton Standard Propellers Division, United Aircraft.) 


marks shown on the working print. The artist then 
outlines the image on tliis mat print, using India ink. 
Details to be added or changes t o be made ai e indi¬ 
cated on this outlined print according to instructions 
on the working print, as illustrated in Fig, 27. 

c. The mat print is then Ideached so that all back¬ 
ground is removed and only the inked outlines remain. 
The bleached print is mounted on a heavier board to 
facilitate handling and prevent buckling or curling of 
the print (see Fig. 28). 

d. The outlined print is filled in, details are brought 
out, shading is added, and it is touched up when neces¬ 
sary for iSeohnical corrections, as shown in Fig. 29. 

e. A white dot Ben Day sheet is added over the 


/. Figure 31 shows the final result as the illustration 
would appear in the handbook or service manual. 

The Pomeroi/ Stereograph .—This machine, illus¬ 
trated in Fig. 32, enables the draftsman to make an 
accurate perspective from the plan and elevation of 
the object without any knowledge of the theoiy of 
perspective. The object may be arranged in any 
desired position with relation to the picture plane and 
to the horizon, and the distance fi'oin the point of 
sight to the picture plane may be ^’aried through a 
wide range. 

The method of placing the orthographic views of 
the object is illustrated in Fig. 32a. The plan is 
placed at the desired angle just as though the perspec*- 
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live were to be drawn by methods previously explained. on the base line. From this last point A, a line is 
ihe elevation is so placed that the dimension X rej>nv drawn making an angle of 45 deg. to the left with the 

sents the distance from the horizon to the base of the base line. By moving the straightedge until the hair- 

pyramid. This is illustrated in Fig. 326. line is on By C^ Dy and By successively, the points By 

For position 1, illustrated in Fig. 32a, the hairline ( 7 , /), and E may be located on the 45-deg. line, 
and the right-hand edge of the straightedge are in The points on the actual perspective of the pyramid 
perfect alignment. By placing t^ hairline through may be 1 negated by moving the straightedge to the 

point A on the plan, the center of vision is automati- left until the hairline is on any point in the plan, such 



Fig. 27.—Mat print outlined in ink. {Hamilton Standard Propellerb.) 


cally ^tablished at A. The position of the picture as C in Fig. 32d. By means of a triangle placed 

plane is also established as a horizontal line through against the straightedge, point C on the 45-deg. line 

the pivot. The distance from the point of sight to the may be projected toward the left to the right edge of 
picture plane may be increased by moving the station- the straightedge to locate C in the perspective. The 

point control scale toward the open position. The other points, J5, D, and E, may be located in a Himilnr 

base line is located at any convenient petition at manner. 

right angles to the straightedge. The perspective of ^ A perspective may also be made showing the object 
point A is located at the place where the right side of above the horizon. This is illustrated in Pig. 3S^. 
the straightedge crosses the base line. This is done by placing the elevation to the left of the 

When the straightedge is moved to the right, the plan and working on the left side of the straightedge, 

hairline automatically tips, the amount depending Complete instructions for making various Winda ©f 

upon the distance moved. By moving the straight- perspectives, including stereoscopic views, may be 

edge until the hairline is on the elevation of point A, obtained from The.Pomeroy Stereograph Company, 

as shown in Fig. 32c, another point A is established * Inc., Cleveland, Ohio. 
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Fia. 32.—Tho Pomeroy StoreogrHpli drawing machine. 
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{Povieroy Stermgraph Companyf Inc.) 

























PROBLEMS 


1. Scope.—The problems on the following sheets 
range from the very easy to some of considerable 
diflicnilty. The problem figures are arranged in the 
same sequence as the text material, the easier prob¬ 
lems in general coming first. 

Troblems have been included on each chapter of 
the text. Those on lettering and orthographic are 
limited in numl>er since it is assumed that, tlu^ student 
has had adequate training in both. Experience has 
shown tliat many need additional pra(*tice in l(d,tering 
and occasionally a little ref noshing of orthographic 
theory. 

2. Assignments.—Problem assignments can very 
easily be made l)y the instructor. Thus, if he wishes 
to have a freehand isometric sketch he may assign 
Problem 16-31, meaning that a freehand sketch of 
Fig. 31 is to be made. If he wishes the prc^blcm to be 
shaded he can assign, for example, Problem 16-31-(>4, 
the last number lx3ing the problem assignment that 
requires shading by a given method (see last problem 
assignments of the text). 

3. Instrumental Drawings.—In each division of the 
work the problem drawings have been either dimen¬ 
sioned or laid out in position for use so that the student 
may solve all his problems with instruments if such 
is the desire and intention of the instructor. The 
problem layout should be reconstructed to the same 
size and scale as shown. 

4 . Freehand Drawings.—The entire course may be 
laid out for freehand work. It should be noted, how¬ 
ever, that good freehand work follows exactly the same 
principles as instrumental work, and in general the 
closer it comes to satisfying these theories the better it 
is. Certain justifiable violations of principle arc 
noted in Chapter XII, which may be applied in the 
interest of speed and appearance. 

6. Scale.—A scale has not been specified for any 
problems, since this will depend upon the size of sheet 
used. The instnictor may specify the scale he wishes 
used or leave it for the student to work out as a part 
of his training. All the problem solutions can be 
made to fall within the limits of an 83^- by 11-in. 
sheet. 

6. Axonometrics and Obliques.—While the prob¬ 
lems on pages 199 to 207 have been designed as 
axonometrics and those on pages 208 to 212 as 
obliques, there are many problems in each group that 
may readily be used in the other. No assignment has 
been made in this manner, but the instructor may 
select additional jproblems from either group. 


7. Position of Axes and Scales. —The position of 
axes has not been assigned. This has been left to 
the instructor, wlio may have his students select the 
position of axes for themselves. Comparison of 
results Avith different positions will aid the (dass in 
developing some judgment and diserimination in the 
matter. This is exactly t he problem that the student* 
must face in industry. 

]"or the siime reason the scales on the various axes 
hav(‘ not been specified. The instructions and illus¬ 
trations of f h(‘ text should be ample to guide th(‘ 
student. 

Lettering 

1. On the guidelines at the right of each group of 
letters on page 189, practice making the letters of 
the group in various combinations. Study both 
letter shapes and their spacing. The letters arc^ 
to be of the small size. 

2. Same as Pro))lem 1, using page 190. 

3. Same as Problem 1, using page 191. 

4. Same as Problem 1, using page 192. 

Orthographic Projection 

6. Make instrumental or freehand orthographic pro¬ 
jections as assigm^d of the objects on page 193. 

6. Same as Pi'oblem 5, using page 194. 

7. Same as Problem 5, using page 195. 

8 . Make an instrumental or freehand undimensioned 
orthographic drawing, as assigned, of the hand 
W’heel on page 196. Select your own scale for 
instrumental work. 

9. Same as Problem 8, using the yoke on page 196. 

10. Same as Problem 8, using the driving box s^iddle on 
page 197. 

11. Same as Problem 8, using the guide yoke on page 
197. 

12. Same as Problem 8, using the bumper on page 198. 

13. Same as Problem 8, using the one-piece eccentric 
on page 198. 

14. Make a dimensioned orthographic drawing (shop 
drawing) of any object as assigned in Problems 8 
to 13. Freehand or instrumental, as assigned. 

Axonometric Projection 

Beginning on page 199 each object drawn is given a 
number, either in the comer of its enclosing rectangle 
or near the title or name of the object when not 
enclosed in a rectangle. These are the numbers 
referred to in the following problems. 
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Ibomethic 

16. Make a mechanical isometi-ic of an assigned object 
from Figs. 1 to 38 on pages 199 to 200. When the 
object contains curves other than circles or 
(piarter circles, it may be necessary to reconstruct 
the orthographic views to th(^ s(‘ale desired. 

Note: Many objec'ts in the group from Figs. 39 to 
()() and 159 to 1()8 an^ also suital)le for 
axonometj’ics and may b(' assigned if 
desired. 

16. Make a frfM>hand isometric sketch ol' an assigned 
object from Figs. 1 to 38 oi- 159 to 1(>8. Fhe 
simpler ol)je(*ts such as those in Figs. 1 to (i should 
be accurately sketched in 3 to 5 min. and the more 
difficult in proportion. Spec^d and accurac^y are 
essential in industry. 

17. Mak(^ fi*e(^hand isometric sketches of several 
undimeiisioiK^d ol)je(^ts assigned fi-orn Figs. 07 to 
75 or l()9 to 180. Make youi sketches of the 
different objects in correct proportion to each 
other. 

Dimktktc 

18. Make a me(9iani(‘-al dimetnc, by the convcmtional 
met.hod, of an object assigrunl from Figs. I to 
38 or 159 to 108. ]')ii*ections of the axes and 
scales to be assigned by the instructor. 

19. Make a projected dimctric, by the exact method, 
of an assigned object from Figs. 1 to 11. 
Direction of axes to be assigned. Redraw the 
necessary views of the object to the desired scale. 
Make the construction for the position of the 
views at one side of the paper. Past.e or tack the 
orthographic views in the correct position on or 
olf the sheet as desired. 

20. Make a projected dimetric, by the exact method, 
of an assigned object from Figs. 23, 24, 25, 52, 53. 
Direction of axes to be assigned. Redraw the 
orthographic views from the page in the text., and 
paste or tack in the proper position for projection. 

Thtmetuk^ 

21. Make a projected trimetric, by the exact method, 
of an assigned object from Figs. 1 to 38 or 159 to 
168. Direction of axes to he assigned. Redraw 
the necessary views of the object to the desired 
scale. Make the construction for the position of 
views at one side of the paper. Paste or tack the 
ort/hographic views in the correct position on or 
off the sheet, as desired. 

22. Make a projected trimetric, by the exact method, 
of an assigned object from Figs. 23, 24, 25, 52, 
and 53. Direction of axes to be assigned. 
Redraw the orthographic views from the text, and 
past«B or tack in the proper position for projection. 


Fhekhand Dimktric and Tuimktuk: 

23. Make a freehand dimetric or trimetric sketch of an 
assigned object from Figs. 1 to 38 or 159 to 168. 
Whctlier the sketch is a dimetric or trimetric is 
not* of primary concern. It should show the 
object t*() l>(‘st- advantage* and definitely not an 
isometric. 

Assembly Stacks 

24. Make a mvicJianical axonomet ric: assembly st*aek 
of parts shown in Figs. 2()a, 27, 28, 30, 31, and 

37. See a,ssem]>ly in Fig. 39 for arrangement of 
parts. 

26. Same' as l^roblem 24 to be done freehand. 

26. Make^ a meehanical axonornetric assembly sta(‘k of 
parts shown in 1^4gs. 25, 29, 32, and 34. See 
asseml>ly in Fig. 39 for arrangeinerit of parts. 

27. S aine as Prol^lern 26 to be done fnxdiand. 

28. Make a mechanical axonornetric assembly stack of 
parts shown in Figs. 2(), 30, 33, 33u, 35, 36, and 

38. See assembly in Fig. 39 for ari’angernent of 
])arts. 

29. Same as Pi‘ob:em 28 to be done freehand. 

Note: The assembly stacks inid(*r oblique projec- 
lion may also be used for* axonornetric. 
stacks. 

30. Make a mechanical axonornetric assembly stack 
of parts shown in Figs. 159 to 1()8. See Fig. 47, 
Chap, XII], for arr.angoment of parts. 

31. Same as Probk^rn 30 to be done freehand. 

32. Make a freehand axonometi*ic asvsernbly stack of 
parts shown in Figs. 169 to 180. 

Oblique Projection 

33. Make a mechanical (cavalier projection of an 
assigned object from Figs. 40 to 66 or 159 to 168. 
The direction of the receding axis is to be specified 
by the instructor. 

Nok: Many of the objects, particularly those of 
circular contour among Figs. 1 to 38 are 
quite suitable for ca^^alier or other types of 
oblique projection and may be assigned if 
desired. 

34. Make a mechanical foreshortened oblique projec¬ 
tion (general oblique) of an assigned oVqect from 
Figs. 40 to 66 or 159 to 168. Diiection of receding 
axis and scales to he specified by the instructor. 

35. Make a freehand oblique sketch of an assigned 
object from Figs. 40 to 75 or 159 to 186. 

Oblique Assembly Stacks 

36. Make a mechanical oblique assembly stack of the 
parts shown in Figs. 54, 55, 56, 57, 58, 59, and 60. 
See assembly in Fig, 66 for arrangement of parts. 

37. Same as Problem 33 to be done freehand. 



J88 


INDUSTRIAL PRODUCTION ILLUSTRATION 


38. Make a ini‘chani(‘al oblique assembly stack of the 
parts shown in Figs. 61, 62, 63, 64, and 65. See 

, assembly in Fig. 66 for arrangement of parts. 

39. Same as Proldem 35 to be done freehand. 

40. Make a mechanical oblique assembly stack of the 
parts shown in Figs. 159 to J()8. See Fig. 47, 
Chap. XIII, for arrangements of parts. 

41. Same as Problem 40 to })e dofle freehand. 

42. Make a freidiand obliipie assembly stack of the 
parts shown in Figs. ()7 to 71. See assembly in 
Fig. 75 foi- arrang('mt‘nt of parts. Ih^ careful to 
keep all parts in th<4r proper r(4ati\^e propoidlon to 
each other. 

43. Make a freehand <)))liqu(^ ass(mi})ly sta(‘k of the 
parts shown in Figs. 1()9 to 186. Be carebd to 
keep all parts in their proper relative proportion 
to t^ach other. 

Perspective 

44. Make a mechanical perspectiv<‘ of the obj(‘cts 
shown in Figs. 7(> to 79, by the visual-ray method. 
Copy the probh™ and solve, using layouts as 
given. 

46. Same as ProbUun 44 using Figs. 80 to 83 on page 
215. 

46, Make a perspective of the objects shown in Figs. 
84 to 87 by the combination vanishing-point and 
visual-ray method. Cop>^ problems and solve, 
using the layout given. 

47. Same as Problem 46 using Figs. 88 and 89 on pagt^ 

217. 

48. Same as Problem 46 using Figs. 90 and 91 on page 

218. 

49, Same as Problem 4() using Figs. 92 and 93 on page 
219. 

60. Make a perspective of the object in Fig. 94, by 
the measuring-point method. Use data and con¬ 
ditions as specified on page 220 for constluction. 
Note: The view\s are not to be redrawn. 

61. Same as Problem 50 using object in Fig. 95 and 
conditions on page 221. 

62. Make a perspective of the airplane showm in Fig. 
187 by the measuring-point method. Use the 
layout and instructions given with the figure. 

63* Make an exploded drawing of the airplane similar 
to Fig. 17, Chap. I. The instructor wdll specify 
the parts to be showm. 

64. Reproduce page 222 and make a perspective of the 
object shown. Find and use vanishing points for 
all lines including inclined lines. 


66. Reproduce page 223 and cut views apart. Ar¬ 
range vi(‘w^s and make the perspective on an 8 
by 11-in. sheet of paper, according to condition 
specified. Find and use all vanishing points 
including those for inclined lines. 

Shades and Shadows in Perspective 

Problems in shades and shadows have been included 

because of the excellent practice they give in thinking 

and constructing in the perspective. 

66. Reproduce page 224 and make perspectives of 
objetds 98 and 99. Find all shades and shadows. 
8how^ all vanishing points that fall on the paper. 
In l^roblem 99 the direction of light is determined 
by position of the shadow of point A. Find the 
perspective first. 

67. Reproduce page 225 and cut view's apart. Arrange' 
views according to specifications, and find the per- 
spective and all shades and shadow's. 

68. Reproduce page 226. Find the perspective, and 
all shades and shadows. 

Freehand Sketching 

69. Make a freehand pictorial sketch of one or more' 
of tlie tools assigned from Figs. 102 to 115 on 
page 227. 

60. Make freehand pictorial sketches of one or more 
of the fasteners assigm^d from Figs. 110 to 138 on 
page 228. 

61. Make a freehand pictorial sketch of one or more 
of tlic pipe fittings assigned from Figs. 139 to 
150 on page 229. 

62. AIak(' a fjeehand pictorial sketch of one or more 
of the oil fittings assigned from Figs. 151 to 154 
on page 229. 

63. Make a freehand pictorial sketch of one or more 
of the bearings assigncjd from Figs. 155 to 157 on 
page 229. 

Shading 

64. Shade the assigned problem by the line method. 

66. Shade the assigned problem by the stippling 

method. 

66. Shade the assigned problem by the smudge 
method. 

67. Shade the assigned problem by the sponge stip¬ 
pling method. 

68. Shade the assigned problem by the airbnish 
method. 




Ae»rotf«i«4i«l by of tbo oopyrlobt ownor. 
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COMPLETE AND CONVrRT INTO HALE SECTIONAL VIEW. 
SHAFT SUPPORT 


CAST IRON 



COMPLETE AND CONVERT INTO FULL SECTIONAL VIEW, 
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List of Visual Aids 


The following list of visual aids c^an be used to 
supplement some of the material in this book. These 
films can be secured from the producer or distributor 
listed with each title. (The addresses of these pro¬ 
ducers and distributors are given at the end of the 
bibliography.) In many cases these films can be 
secured from your local film library or local film 
distributor; also many universities have large film 
libraries from which these films can be borrowed. 

The running time (min) and whether it is silent (si) 
or sound (sd) are listed with each title. These are all 
Ifimm, black and whiter motion pictures. 

Each film has been listed only once in connection 
with the cluaptei’ to whi(di it is most applicable. 
However, in many erases the film might be used 
advantageously in (connection witli other chapters. 

CHAPTER II—LETTERING 

Capital Letters (Purdue 20niin sd). Shows the 
(construction of single stroke, inclined commercial 
gothic capital hd/ters, ampersand and numerals on 
ruled grids. 

Lower Case Letters (Purdue 13min sd). Demon¬ 
strates construction of each lower case letter. 

CHAPTER III—ORTHOGRAPHIC PROJECTION 

The Draftsman (Nd lF 11 min sd). Shows the work 
of the draftsman as related to the various types of 
eonstru(dional and mechanical work; indicates the 
magnitude of jobs available for draftsmen in industry. 

Behind the Shop Drawing (JH 20min sd). Pro¬ 
vides an excellent introduction to drafting nomencla¬ 
ture; explains isometric and orthographic engineering 
drawings. 

Shop Drawing, Part 1 (IIT 11 min sd). An intro¬ 
duction to the elements of engineering drawing 
practice including conventional methods in use; 
shows dimensioning, sectioning, and crosshatching of 
drawings. 

Shop Drawing, Part 2 (ITT llmin sd). Illustrates 
recognized procedures used in drawing various types 
of curves and contours. 

Drafting Tips (PSC 28min sd). Shows procedures 
in developing a drawing; use and care of drafting 
instruments. 

Orthographic Projection (Purdue 30min si). Dem¬ 
onstrates proper methods for representing objects on 
paper with three orthographic views; shows how to 
transf^i* dimensions how to use instniments. 


Auxiliary Views (Purdue 15min si). Shows pro¬ 
cedures for drawing straight and curved line views 
and determining necessity of auxiliaiy views. 

Sectional Views (Purdue 15min si). Demonstrates 
principles of sectioning and transparent cutting 
planes; shows full, half, and offset sectional drawings. 

CHAPTER IV~ORTHOGRAPHIC SKETCHING 

Screw Threads (Purdue 23min si). Defines impor¬ 
tant terms associated with screw threads; shows step 
by st(3p construction of National and Square threads; 
explains meaning of each line of the drawing. 

CHAPTER V—AXONOMETRIC PROJECTIONS— 
CONVIiNTIONAL CONSTRUCTION 

Pictorial Drawing (Purdue 30min si). Illustrates 
the principles of isometric and oblique drawing. 

GENERAL 

Broad Stroke Drawing (Ideal lOmin sd). Demoii- 
strat(‘s the art. of broad stroke drawing; shows variety 
of strokes that can be obtained by using various sur¬ 
faces of the drawing implement. 

Industrial Design (Knaus lOmin si). Shows step- 
by-step procedure in designing a radio cabinet from 
the first ‘ThumbnaiP^ sket(‘Ii to the finished drawing, 
featuring airbrush tcxJinique. 

Modes and Motors (GM lOmin sd). Shows com¬ 
plete process in designing pi'oducts from artistes first 
rough sketch to finished product. 

SOURCES OF FILMS LISTED ABOVE 

GM—General Motors Corp., Public RelatifJiis Dept., 
1775 Broadway, New York 19. 

JH—Jam Handy Organization, 2900 E. Grand Blvd., 
Detroit 11, Mich. 

Ideal Pictures Corp., 28 E. Eighth vSt., Chicago 5. 

IIT—Illinois Institute of Technology, 3300 Federal 
St., Chicago. 

Knaus, Frank, 2113 Parkside Ave., Los Angeles, 

PSC—Pennsylvania State College, Fihn Library, 
State College, Pa. 

Purdue University, General Engineering Dept., 
Lafayette, Ind. 

VGF—Vocational Guidance Films, Inc., 2718 Beaver 
Ave., Des Moines, Iowa. 
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A 

Acme threads, in dimetric, 55 
Advertising, 1 

Airbrush, ink used with, 159 
Airbrush shading, 157 
Aircraft, and bid drawing, 7 
engineering installations, 12 
equipment location illustrjitions, S 
job illustrations, 12 
loft lines layout brc'akdown, <S 
manufacturing functions, 12 
oiitside vendor’s illustrations, 18 
production breakdown illustratiojis, 7 
production illustralions, 7 
proposal, 7 

structtires, illustrations, S 
subassembly drawings, 13 
systems ilhist rat ions, 8 
Analysis for sk(‘tchiiig, 18G 
Angle of rotation, 63 
Angular pt^rspectivci, 89 
Architecture, 4 
Arrangement of views, 25 
third-quadrant, 23 
Asseud)ly stacks, axonometric, 64 
‘Auxiliary plaru‘, construction of, 29 
position of, 27 
Auxiliary views, 27 
construction of, 28 
Axonometric project,ions, 41, 5(i 
angle of rotation, 63 
asHcanbly stacks, 64 
changing scale, 63 
choice of view, 59 
direction of projection lines, 58 
ellipses, 62 

geometrical conditions, 5(’) 
location of view, 58 
oblique projection, 63 
procedure, 59 

revolved position of vi<»ws, 57 
sketching, 66 
standard views, 61 
theory of, 57 

two methods of construction of, 41 

B 

Bid drawing, 7 
Block shading, 152 
Blocking out views, 39 
Box method, 69 
Broad-stroke shading, 157 
Broken sections, 33 

C 

Cabinet drawing, 71 
Garnery 178 
Camera Lueida, 178 


C.apital letters, 15 
CatnlogiK' illustrations, 1 
Cavalier projection, 71 
(k*iitor-line construction, oblique, 75 
Center-line layout, oblique, 85 
CVnter-line method, 69 
of construclion, -19 
Centrolinead, 17(> 

(’hanging scab*, 63 
(*hoic(‘ of A'iew, 59 
(.'ir(4c, j>(Tsp(‘(‘tive of, 95 

perspective sk(*t(diing of, 130 
(’olor, 166 

Coinbiiiulion of st(*m and oval in haters, 15 
(kmibination method, perspective, shown by, 93 
(Composition in h'tttTing, 17 
Conipr(‘Ss(‘d letters, 18 
Ck)n<% li’iie shnding on, 147 
shade *ud shadow^ of, 115 
shades and shadow^s in persptM‘tiv(‘, 122-124 
Construction methods, 25 
C'ontrol syst('ms, 4 
(’onv<‘ntional breaks, 33 
(kuivi'iitional nu'thod of construction, 53 
('Oordinate coiistriKdion of circle, 74 
(’raftint papeus, 165 
Oooked lin<‘ shading, 152 
CVosshatithijig, 33 
symbolic, 31, 35 
(■ul)e, line shading on, 145 
jx'rspective of, 92 
pcrs))ective sketching of, 132 
(bitting ])lanes, 30 
location of, 31 
( Cylinder, axonometric, 67 
line shading on, 147 
shad(‘ and shadow, 115 
shadow in perspective, 122. 123, 126 
(’ylindri(ail holes, 67 

I) 

Jbimensioning, isometric, 53 
oblique, 80 
Dimetric, 41, 53 
acme threads, 55 
advantage's of, 64 

conventional method of construction, 63 
Diroedaon of projection lines, 58 
Disk, line shadiirg on, 145 
Distortion in perspective, 95 
Double-curved surfaces, pcirspective of, 103 

K 

Eflco Sp('e-dee lettering guide, 20 
Eleimaits of letters, 14 
Ellipse's, 170 

reiirosenting circles, 62 
Engineering installations, 12 
Engineering projects, 4 
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Envelope of curves, oblique, 77 
Enveloping curves, 48 
Equipment location illustrations, 8 
Expanded letters, 18 

F 

Fasteners, oblique, 78 
Fillets, 26 

Fixing a drawing, 167 ; 

Four-center circles, 44 

Four-center construction of circle» 74 

Fractions, 16 

Frisket paper, 162 

Full 8(H4ion, 31 

(i 

Gcjirs, isometric, 52 
General oblique projections, 72 
Geometrical conditions, 56 
Geometrical principles, 26 
Guide lines, lettering, 16 
Guidt‘s in lettering, 10 

H 

Half section, 31 
Height of letters, 14 
Hexagon, perspective sketching of, 132 
Hexagonal and square nuts in isometric, 51 
Hidden lines, 23, 31 

1 

Identification of scM’tions, 32 
Installation diagrams, 4 
Instruction sheets, I 
isometric, 

box method, 43 
center-lin(^ method, 49 
conventional, 42 
dimensioning, 53 
enveloping curves, 48 
four-center (circles, 44 
g<iars, 52 
grid paper, 169 

hexagonal and square nuts, 51 
lettering, 52 
non isometric lines, 45 
Orth method, 45 
of plane figures, 43 
position of axes, 46 
protractors, 169 
scale, 42 

screw threads, 50 

sectional views, 49 

solids, 43 

spheres, 52 

springs, 51 

standard parts, 51 

three-dimensional curves, 47 

J 


LetUsring, combining stcuns and ovals, 15 
composition, 17 
compressed, 18 
Edco Spee-defj, 20 
cleinemts, 14 
expanded, 18 
fractions, 16 
guide lines, 16 
guides, 19 
height, 14 
isometric, 52 
lower 14, 17 
numerals, 16 
oblique, 80 
ovals, 14 
pencils, 19 
pens, 19 

rcqiiinMiients, 18 
size, 17 
slope, 16 

small cajiitals, 18 
stems, 14 
titles, 20 

upper cas(% 14, 15 
vortical, 18 
Wrico, 19 

Light rays, direction of, 113 
methods of specifying, 120 
Line, perspective of, 92 
]5ne shading, 114 
on cone, 147 
on ciil)(‘, 145 
on cylinder, 147 
directon of stroke in, 151 
on disk, 145 
on fiat surfa<H‘S, 141 
orthographic, 115 
on sphere, 147 
on torus, 147 
Ix^cation of shading, 141 
Loft lira's layout breakdown, 8 
Lower case, in lettering, 14, 17 

M 

Manufacturing functions, 12 
Marking system, 22 
Martin Axonograph, 172 
Measuring line, one 108 

Measuring, of lines, 96 
r)f points, 96 
Medium^ 143 

Metliods of shading, 140, 143 

X 

X iche, shades and shadows of, 116 
Nonisometric lines, 45 
Notation of plamis and projections, 21 
Numerals, 16 

() 


Job illustrations, X2 

L 

Lettering, 14 
capitals, 15 


Obli(iu© perspective, 105 
Oblique projec^tion, 70 
axonometric, 63 
c^abinet chawing, 71 
cAvalier, 71 

center-line construction, 75 
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Oblique projection, center-line layout, 85 
conventional construction, 73 
coordinate construction of circle, 74 
dimensioning, 80 
envelope of curves, 77 
fasteners, 78 

four-cent(^r construction of circuit;, 74 

general characteristi(;s, 80 

general oblique, 72 

geometric relations, 84 

lettering, 80 

position of axes, 70 

production illustrations, 82 

projecting lines, 70 

sectioning, 78 

theoretical construction, 72 
theory of, 70 

t hree-dimensional curves, 70 
underlay, 176 
Offset sections, 32 
Orth mtithod, 45 
Orthographic projection, 21 
arrangennmt of views, 23, 25 
construction methods, 25 
fillets, 26 

geometrical principles, 26 
hidden lines, 23 
notation, 21, 22 
planes, 21 
point of sight, 21 
position of object, 24 
projecting lines, 21 
rounded corners, 2(‘) 
shades and shadows, 113-118 
side view, 24 
single-view drawings, 22 
three-view drawiiig.^, 23 
two-view drawings, 22 
Outside V(;ndor’s illustration, 13 
Ovals in letters, 14 

r 

Pap«ir, 143 

Parallel perspective, 80 
Partial view's, auxiliary, 29 
Patent drawings, 6 
Pencils, lettering with, 19 
Pencil shading, 153 
Pens, lettering with, 19 
Perpendicular lines, 69 
Perspective, 87 
angular, 89 

charts and boards, 110 
circle, 95 

combination method, 93 
wmstruction of thrctvpoint , 109 
cube, 92 
definition of, 87 
distortion of, 95 
double-curved surfaces, 103 
forty-five degree lines, 100 
grids, 176 
line, 92 

measuring horizontal diniensipuH, 97 
measuring lines, 96 
measuring points, 96 
meaSuttmg vertical dimensions, 96 
one point measuring line, 108 


Perspective, parallel, 89 
perspcKffive plan, 98 
redections, 127 
shadows of lines, 119 
sketching, 129 

specifying direction of light ray, 120 
three-point, 105 
three-dimi;nsional curves, 102 
vanishing point of light rays, 119 
vanishing points, for inclined lin(^s, KX) 
in reflection, 128 
vanishing-point method, 89 
visual-ray mctliod, 87 
Phantom tlrawdng, 1 
Photograph n^-ouching, 163 
Piping diagrams, 4 
Planes of projection, 21 
Idant layout, 6 
Point of sight, 21 
Pomeroy Stort'ograph, 179 
Position, of axes, in isonu'fric, 4(> 
obliqiK', 70 
of obje(‘(, 24 
Prisms, 67 

Problems, dimtdric, 199-213, 227 235 
«‘xp!aiiation of, 186—188 
isometn.-, 199- 213, 227- 235 
lettering, 180 192 
oblique, 199-213, 227-235 
orthographic, 193-198 
perspective, 214-226, 236 
shades and shadows, 224-226 
trinietric, 199-213, 227-235 
Proc(‘<lure, in axonometri(‘, 59 
in shading, 142 

ProdiK'tion breakdown! illustratioj!, 7 
Production illustrations, obliqiK*, 82 
Projecting lines, oblique, 70 
orthographic, 21 
Projection, 21 
Proposal drawnng, 7 
Pseudo perspective sk(*teliing, 138 

H 

Rectangle, p(*rspectiv(‘, sketching of, 132 
Rectangular solid, shadow of. 111, 115 
Reference planes, auxiliary, 29 
Reflected light, 141 
Reflections in perspective, 127 
technique of shading, 128 
Removed sections, 32 
Repair charts, 1 
Report illustration, 6 
Reproduction of shading, 141 
Requirements of good lettering, 18 
Retouching photographs, 163 
Revolved |K)sition of view's, axonometric, 57 
Rt*volved sections, 32 
Rounded corners, 26 

8 

Scales, 170 

Screw threads in Isometric, 50 
Sections, of assemblies, 33 
auxiliary, 29 
broken, 33 

commercial practice, 34 
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Sectioiifs, conventional breaks, 33 
croHshatehing, 33 
cutting planes, 30 
full, 31 
half, 31 

hidden lines, 31 
identification, 32 
isometric, 49 

location of cutting plane, 31 - 

oblique, 78 

odd axes of syiniiietry, 34 

offset, 32 

in outline, 34 

purpose, 30 

removed, 32 

revolved, 32 

symbolic crosshatching, 34, 35 
thin materials, 33 
Service manufds, 1 
Shades and shadows, 113 

block protruding from wall, 114 
cone, 115 

* in perspective, I22~i24 
cylinder, 115 

in perspective, 122, 123, 120 
direction ot light ray, 113 
free standing objecjt on broken surface, 115 
frtHJ standing rexdangular solid, 114 
lines, 113 
niche, 116 
sphere, 118 

in perspective, 124 
torus, 117 

Shading, airbrush, 157 
block, 152 
broad-stroke, 157 
choice of method, 140 
color, 166 
Craftint, 165 
crooked line, 152 
hand sponge, 164 
line, 144 
location, 141 
medium, 143 

method of reproduction, 141 
methods of, 143 
order, 142 
over-all pen<;il, 153 
purpose, 139 
reflected light, 141 
reflections, 128 
smudge, 15^1 
stippling, 153 
tec^hnique, 143 
time available, 141 
wash rendering, 154 
Zip-A-Tonc, 164 
Size of letters, 17 
Single-view drawings, 22 
Side view, 24 
Sketch strokes, 66 
Sketching, analysis of, 136 
blocking out views, 39 
box method, 69 
center-line method, 69 
circles, 36, 37 
cylinders, 67 
cylindrical holes, 67 
ellipses, 37 


Skclcliing, linisliing stroke, 37 
kind of p(Tspectiv<?, 137 
objects, 136 
obli(i|uc, 83 
orthographic*, 36 
persjx'ctivc, of circle, 130 
of cube, 132 
of hexagon, 132 
from orthographic, 134 
of rectMiigh\ 132 
of scpiare, 130 
plane figure's, 38, f>6 
prisms, 67 

j)seud() perspective, 138 
rules of })ersp(H*tiv(‘, 129 
solid objects, 39 
spee'd, 138 
springs, 40 
straight lines, 36 
stroke's, 36 
Ihreael.s, 40 
types of liii(\s, 37 
Shaelows, 142 

of linens in jM'rspective*, J19 
Sle>pe' of letters, ](> 

Small i*aj)itals, 18 
Small h'tiers, 17 
Smudge' shneling, 154 
Sptaaal exprqune'Jit, 169 
camera, 178 
C niiH'ra Lueida., 178 
(’e*ntroline‘ael, 176 

ellipse's, 170 

isonietrie* grid paper, 169 
isometries pre)tractors, 169 
Martin Axe)ne)graph, 172 
f>blie|ue underlay, 176 
pfirspective griels, 176 
JMinere)y Stere‘e)griiph, 179 
se^ale^s, 170 

trimetrie edlipse* template*, 172 
triinetric pre)tractor, 172 
triinedric underlay, 172 
Spheres, isometric of, 52 
line; shaeling on, 147 
shaeh's anei shafle)WR, 118 
in perspective, 124 
Spe>nge' shading, 164 
Sj)rings, i8e)nu;tric of, 51 
Square, perspective sketching of, 130 
Standard parts in isometric, 51 
Stems of letters, 14 
Stencils, 162 

Stereograph, Pomeroy, 179 
Stippling, 153 
Stretch, 154 

Structures illustrations, 8 
Subassembly drawings, 13 
Systems illustrations, 8 

f 

'rechnique of shading, 143 
Textbook illustrations, 6 
Theory of axonometric, 57 
Three-dimensional eurveSf 47 
oblique, 76 
perspective, 102 



INDEX 


24a 


Three-point perspective', 105 
charts, 110 
(construction, 109 
I'linMc-vicw drawings, 23 
Time' for shading, 141 
Tith's, 20 

Torus, line' shading on, 147 
shade and shadow, 117 
'rrirneitric, 41, 53 
advantages, 64 
conventional method, 53 
'rrimetric ellipse template, 172 
'rrimetric protractor, 172 
'Oiinectric underlay, 172 
4\vo-vi('w drawings, 22 

V 

IJppecr ('ase, M, 15 

Uses of pictorial drawings, 1 


V 

Vanishing points, for incliiu'd line's, 100 
in refle'ction, 128 
light rays, 119 
shadow, 119 

Vanishing-point method, H9 
Vertical letters, 18 
Visual-ray method, 87 

W 

Wash rendering, 151 

Wiring diagrams, 4 

Wrieo guide's, for le'ttering, 19 

Z 

Zip-A-'rorn* shH«ling, 164 
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